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More Car. 
Less money. 


The four-door Fairmont Futura f 





for 1982 is the only car in America \ ~ 


with more standard features and 


a lower sticker price than last 
year.* That is the simple, 
surprising fact of the matter. 


More car. Less money. 
How we improved on a 


solid value. 

The new Fairmont Futura 
four-door offers all the good 
pins it did last _ such as 
rack and 
pinion 
steering, 
power 
front disc 
brakes and 
steel-belted 
radials. But this year you get 
new dual front speakers on the 
standard AM radio (may be de- 
leted for credit) and a spacious 
16.7 cu. ft. deep-well trunk that 
gives you lots of room for — 
samples, luggage or bags of 
groceries in an upright position. 





* $6419. Comparison of Aug. 1, 1981, 
Sticker price of a 1981 to a 1982 base 
model Fairmont Futura four-door. 













And Ford’s sensible 2.3 liter 


overhead cam engine delivers 
impressive fuel economy. 


EST 
33% [227 
MPG 


For comparison. Your mileage 
may differ depending on speed, 
distance and weather. Actual 
highway mileage lower. 


Lots of room for people 
and things. 





Choose a Fairmont Futura 
with standard bucket seats and 


you get room for five. Choose 
the optional full-width bench 
seat or the flight bench seat in 
the Interior Luxury Group 
option and you'll have room to 
seat six adults. 


Fairmont Futura: the 
economical answer. 

If you're looking at the prices 
of new cars today and wonder- 
ing whether there is one priced 
for you, the economical 
Fairmont Futura could be your 
answer. /hether you buy or 
lease, see Fairmont Futura now. 





Less mori OF TD 


Fairmont Futura four-door. Manu- 
facturer’s suggested retail price. Title, 
taxes and destination charges extra, 
Some cars shown with optional 
equipment at extra cost. 


FORD FAIRMONT 
FUTURA 


FORD DIVISION CEP 
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Shai has produced a tis powered calculator 
hat’ S SO sensitive it even works without sunlight. 
_ Most indoor lighting—even the faint light of a 
match—will activate our newly developed monocrystal, 
p silicon: type solar cell. 
No batteries of any kind are ever needed. Light 
d 4 from a match is enough to power our easy-to-read 
EVENTHELIGHTOFA M-type liquid-crystal display; to power an inde- 
MATCH OPERATES OUR pendently accessible 4-key memory, a square root key 


NEW CALCULATOR. | 
_and a convenient one-touch percent key. Our new 
EL-826 Solar Calculator is a lot for a little at $24.95* 


 Thecaleator chat operates on such a minute amount of belts 1S ‘only 
one of. an extraordinarily wide range of Sharp Calculators.Sharpmakes basic 


and scientific calculators , the pocket typewriter, the incredible elleteeaelee a 
desk-top and hand-held printing calculators, ¢ _ Sensor ‘Touch™ 
calculators, wafer-thin calculators, calculators _ that remind 
you of important dates, clock calculators, y 

calculators t : at ee! music; — calculator 

1r ; ag able. 
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( COCK RUSSELL ‘B45 | 
i; &CO.170. 


LONDON DRY 6S 
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we 1845 
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Tis the season to bring good tidings to your friends. 

By giving them Boodles British Gin. Imported from Great Britain, 
it has a smooth, London Dry taste and a well-balanced character 
that is always proper. That’s why Boodles, in its beautiful holiday 
carton, is the perfect gift for a joyous season. 


oodles British Gin. Always proper. 


94.4 Proof. Distilled From Grain. General Wine & Spirits Co., N.Y., N.Y. 
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Flying buttresses } 
support the 
Cathedral at 
Notre-Dame de 
Paris. Photograph 
by Adam Woolfitt/ 
Woodfin Camp. 
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WHEN THERE IS A CAR 


FROM A COUNTRY 
THAT JUST BUILT THE 


WORLDS FASTEST TRAIN. 


...a car from the country that 
created the 230 mile per hour T'G¥. train 


...a car from those who bring so 
much comfort and luxury to modern 
transportation...why drive an ordinary 
small car? When you can drive Europe's 
best selling car: Le Car by Renault. 


Le Car begins with a design 
philosophy: an automobile is not just a 
collection of parts. It is a series of inter- 
dependent systems based on a total 
system design. 


Example: ride and handling. The 
Le Car system includes the precision of 
rack and pinion steering...the stability of 
steel-belted radials and long-travel fully 
independent torsion bar suspension. 





Example: comfort. The Renault 
total design for Le Car includes a long 
wheelbase in relation to short overall 


RENAULT 


American Motors ri 














ing lives in gre 





length, space-saving front wheel drive 
and bio-mechanically tuned seating. 
There is also a 4-door Le Car with a wide- 
opening hatchback. 


**Compare these 1982 EPA estimates 
4QHwy rT EOL with estimated mpg for other cars. 
EST MPG Your actual mileage depends on 
speed, tip length and weather. 
Actual highway mileage will probably be lower. California figures lower. 


And now every Renault is covered 
by American Motors’ exclusive Buyer 
Protection Plan’ the only plan with a full 
12-month/12,000-mile warranty. Why 
drive an ordinary small car? When you can 
drive Le Car...priced from under $5,000* 


Le Car is available at more than 
1300 Renault and American Motors Dealers. 


*1982 manufacturer's suggested retail price. Price does not include tax, 
license, destination charges, aluminum sport wheels pictured and other 
optional or regionally required equipment. 
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Darwin vs. Dogma 


When Darwin died in 1882, he went to his grave believing that the great 
religious furor aroused by his discoveries was already dying down. Most of the 


intellectual leaders of his time had come to accept the truth of evolution. Even | : 
the theologians of the major Christian faiths had finally given up their | i j 


opposition. To be sure, a creationist minority kept to its literal reading of 
Genesis. But the evidence seemed overwhelming even in the late 19th century. 





Almost a hundred years after Darwin’s death, American courts, legislatures, 


and school boards are once again wrestling with creationism. As the special 
section in this issue makes clear, the creationists have become more than a 
curious vestige. Though few in number, the creationists are loud and effective. 


They must be reckoned with. a . 


And yet, the debate seems so unnecessary because there are few issues that 
were not thrashed out a hundred years ago. Science has come up with much new 
evidence for evolution, and creationists poke at it, but the fundamental issue © 
remains exactly the same—whether everything was created at once in a miracle. 
a few thousand years ago or developed gradually over a much longer time. 

Some of the clashes between evolution and religious dogma date back many 





centuries, for the idea of biological evolution has cropped up often in the last ' 


two thousand years. Unfortunately, most Americans have such a modest 
acquaintance with the history of science that many of the creationist assertions 
seem new to them. | \ | 
Ideas about evolution can be traced back at least to Anaximander in sixth- ! 
century Greece. Down through the centuries, many others have added to. | 
evolutionary thinking, demolishing literal interpretations of Genesis as they 
went. However, when Darwin brought the issue to a head in 1859 with his first 
book, Origin of Species, the Christian church unleashed its full fury. Their 
reasoning was simple. If the theory of evolution is true, then nothing in the 
Bible can be believed. That rationale would soon be considered dangerous. 
After Darwin’s second book, The Descent of Man, in 1871, the church’s reaction 
changed markedly. Darwin was attacked, but the churchmen saw even then that 
the case for evolution was too strong to deny. They no longer claimed it was 
contrary to scripture. In the years that followed, more and more theologians 


_held that people could be both Christians and Darwinians. 


The full story of this remarkable turnabout is told in Andrew D. White’s | 
A History of the Warfare of Science with Theology in Christendom. White traces the — ‘ 
conflict from ancient times up until what seemed to be its settlement. But then 
White knew nothing of today’s creationists—his book was published in 1896. 


One (Eater 
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This won’t be 
widely read 


AMHERST, Mass.—No matter how 
fast you’re reading this sentence, your 
brain is processing no more than 18 
letters at a time. So say psychologists 
Keith Rayner and Alexander Pollatsek 
of the University of Massachusetts. 

Their experiments on scores of col- 
lege and high school students with 
20/20 vision show that people read 
through a tiny “window” measuring 14 
letters to the right and four letters to 
the left of their center of focus. The 
greater vision to the right of center is 
due to the fact that readers’ eyes move 
toward the right, according to the re- 
searchers. “The major surprise from 
the work is that the size of the window is 
so small,” says Rayner. 

The psychologists based their study 
on earlier work done with George 
McConkie at the University of Illinois. 
They used a computer-controlled TV 
screen and an infrared eye-tracking 
system. By measuring the angle of a 
harmless beam of infrared light re- 
flected from the retina, the system de- 
termines precisely where on the screen 
a subject is focusing. 

Around that focal point, the screen 
displays a partial line of text whose 
width can be varied. Outside this width, 
the screen displays word-sized jumbles 
of nonsense. Thus, wherever the 
reader looks there is a window of nor- 
mal text with nonsense on both sides. 
By varying the window’s width until the 
reader sees only sensible text—no mat- 
ter how fast he moves his eyes—the 
psychologists determined the widest 
stretch over which readers can gather 
information: 18 characters. 

Although they did not test anyone 
trained in speed reading, Rayner and 
Pollatsek believe that their finding runs 
counter to the advertised benefits of 
some popular speed reading programs 
because it demonstrates a physiological 
limit to what readers can take in. “It 
goes contrary to the claim that they can 
improve the size of a person’s ‘window 
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In Virginia’s waters, the North rises again 


NEWPORT NEWS, Va. —A wooden Union vessel faced a Confederate ironclad off 
here on March 8, 1862, and naval warfare was never again the same. Neitherwas 
the USS Cumberland. The Merrimac’s battering ram opened a hole more than 
seven feet wide in her wooden side, sending the first victim of an ironclad to the bot- 
tom of the James River along with at least 90 members of the panic-stricken crew, 
shown above in a painting of the battle. Preserved by a century’s accumulation of al- 
luvial silt, artifacts from the ship were recovered this summer by divers and archeo- 
logists. They found bottles, cups, bowls, and the bell that tolled the death of wooden 
warships, inset. Clive Cussler directed the expedition and financed it with royalties 
from his novel, Raise the Titanic. He plans to search for the Merrimac’s battering 
ram, which broke off during the battle and may lie under the Cumberland’s decks. 





of attention,” says Pollatsek. However, 
the study does not affect the claim of 
many speed reading programs to in- 
crease the pace with which a reader’s 
eyes sweep the page. 


Astronomers spot 


plenty of nothing 


TUCSON, Ariz. — The universe seems 
to contain a lot more empty space than 
scientists once thought possible. Astron- 
omers at Kitt Peak and two other ob- 
servatories recently found the uni- 
verse’s largest hole, a region in distant 
space 300 million light-years across that 
appears to have nothing in it. 

The void, which is 10 times larger 
than any other of.its kind, raises doubts 


about theories concerning the uni- 
verse’s early evolution. Scientists be- 
lieve that the Big Bang distributed 
matter evenly through space. In the en- 
suing 15 billion years gravity has 
drawn matter into galaxies separated 
by empty areas, but the newly discov- 
ered void seems inexplicably large. The 
astronomers think that the region, 
which is 900 million light years away, is 
either completely empty or contains 
galaxies too small to detect. It clearly 
lacks galaxies of typical size (like the 
Milky Way) that predominate else- 
where, and scientists calculate that its 
density cannot be more than one-tenth 
the average density in the universe. 
“What we have to ask now,” says Paul 
Schechter of Kitt Peak, “is whether the 
formation of the universe was less uni- 
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form than once thought, and if galaxy 
formation might be different from one 
place to another.” Some scientists theo- 
rize that the region once had matter 
that was driven out by explosions bil- 
lions of years ago, but others suspect it 
has always been a lonely place. 


Chunnel redux 


PARIS — The British and French are 
again considering a tunnel beneath the 
English Channel, an idea that has prob- 
ably been around ever since the North 
Sea broke through an isthmus and 
carved the 22-mile-wide Strait of 
Dover 7,000 years ago. 

The first formal proposal came from 
Napoleon. The British demurred, sus- 
pecting that the tunnel for horse- 
drawn carriages would be used by in- 
vading French troops. When the two 
countries finally began tunneling to- 
ward each other in 1880, the old fears 
inspired protests from Queen Victoria, 
Alfred Tennyson, and Robert Brown- 
ing, and Britain abandoned its mile- 
long hole. Winston Churchill and 
others later tried to revive the Dover- 
Calais Chunnel, but it wasn’t until 1974 
that the British resumed digging. They 
stopped after 200 yards, claiming that 
the planned 32-mile two-track railway 
tunnel would never pay for itself. 

This October, after British and 
French leaders expressed renewed in- 
terest at a summit meeting, officials of 
the two countries began restudying the 
1974 scheme. They also discussed a 
proposed bridge and tunnel with a 
railway and a six-lane highway. Either 
project would provide a valuable com- 
mercial link with the continent by cut- 
ting more than two hours off the seven- 
hour train and boat trip from London 
to Paris. But the Chunnel’s cost, esti- 
mated between $1 billion and $10 bil- 
lion, may prove hard to justify, consid- 
ering the attitude many Britons still 
have toward their neighbors. As Lord 
Palmerston, the English prime minis- 
ter, asked a century ago, “How can you 
expect us to further reduce a distance 
which is too short as it is?” 
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The standard map of Pangaea, top, shows all continents and continental shelves ‘joined in 
one land mass. New studies suggest that Asia was fragmented into separate blocks, bottom. 


Dismantling the late great supercontinent 


CANBERRA, Australia — In the be- 
ginning, declared Alfred Wegener, was 
Pangaea. When he put forth the radi- 
cal theory of continental drift in 1922, 
the German meteorologist explained 
that all the continents were once part 
of a great land mass that broke apart 
225 million years ago into drifting 
pieces. Wegener gave it the Latin name 
for “all land.” 

Today his supercontinent of Pan- 
gaea is part of geological dogma. But a 
new study by Chinese and Australian 


geophysicists suggests that Pangaea 
didn’t quite measure up to Wegener’s 
billing. A team led by M.W. McElhinny 
of Australia National University exam- 
ined the magnetic orientation of rocks 
from China to determine where east- 
ern Asia was in relation to the magnetic 
poles 225 million years ago. The re- 
sults, together with other recent find- 
ings, imply that much of the region 
—including what is now China, Siberia, 
Pakistan, and Indo-China—was di- 
vided into smaller blocks drifting in an 
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Champion 





Subject: 


is planting seeds 
for the future. 








seeds of thought. 


hampion is a forward-looking 
forest products company. 

We have to be— 
because the seeds we plant in the 
earth now will take anywhere from 
25 to 60 years to mature. 

Think of that for a moment. The 
trees we plant today and the prod- 
ucts we will make from them—wood 
building materials for construction, 


paper for communication, packaging 
for shipping and selling—won’t 


“happen” until sometime between the 


year 2006 and 2041. Do you know of 
any human economic activity that 
is as long-range as that? 

So the very nature of our busi- 
ness makes us take the long view. It 
makes us think a lot about the future 
—the future of our company and, 
because the two are bound so in- 
extricably together, the future of our 
society as well. 

Since we won't see the full return 
on our investments in the forests of 
the future until well into the next 
century, we have to try to understand 
what life will be like then. 

What will society's needs for our 
products be? How will those 50 
million trees we planted last year be 
used? And the 50 million trees we'll 
plant this year? And next year? 


© 1981 Champion International Corporation 


You may have noticed some of 
Our magazine advertisements on 
ideas about what the future may 
hold. Ideas like extended life spans, 
personal privacy in the age of infor- 
mation, human engineering, the 
frontiers of the ocean and space, 
and educating our children to be 
able to make a living in a rapidly 
changing technological world. 

Why would a wood and paper 
company spend money to raise 
questions like that? _ 

Because all those issues, and 
dozens more, will have a profound 
impact on the shape of things to 
come. We think people have the 
ability—and the responsibility—to 
participate actively in choosing their 
future. And because the nature of 
our business involves us uniquely 
in the future, we believe the time to 
Start shaping the future is now. 

Of course, Champion has a busi- 
ness stake in the future, too. We 
think things look bright. Bright 
enough that we plan to invest $3.2 
billion over the next five years to 
grow. More timber. Brand new mills. 
Modernization. Energy efficiency. 

As acompany, we like to think 
Our eyes are fastened on the future, 
while our feet are planted firmly in 
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the here and now. Being in this busi- 
ness of planting seeds for the future 
—both seeds of trees and seeds of 
thought—can do that to you. 

Champion. The forest products 
company of the future. 





Champion 
Department 200C 
P.O. Box 10148 
Stamford, CT 06921 


| | 
| | 
_ Please send me more information 

| about Champion. | 
ee Please send me a set of Champion | 
ad reprints. 

| = Please send mea brochure about | 
the critical issues we will face in the 
future as well as a bibliography for 

| further reading. | 
Name 

| Title | 
| Company | 
| Street | 
| City | 
Slate ae | 

| Do it today. The future is tomorrow. | 


Champion 


Champion International Corporation 








ocean apart from Pangaea. 

Aside from refining geologists’ no- 
tion of Pangaea, the new evidence 
could also have practical implications. 
If eastern Asia was indeed formed by 
the collisions of separate blocks, then 
there might be oil trapped where they 
meet. Sediments of animal and plant 
matter sometimes become large petro- 
leum reservoirs when compressed by 
colliding blocks—a process that oc- 
curred, for instance, in Saudi Arabia. 


Tuning out aliens 


WASHINGTON — Any aliens with a 
radio message for Earth are going to 
have to deliver it to ham radio opera- 
tors. The American government has 
ended its effort to listen. 

Senator William Proxmire, who has 
opposed NASA’s Search for Extrater- 
restrial Intelligence since it began in 
1975, persuaded Congress to eliminate 
the program on October 1. At a time 
when social services like the lunch 
school program are being reduced, he 
argued, the $2-million-per-year proj- 
ect is a needless luxury. “It’s hard 
enough finding intelligent life right 
here in Washington,” Proxmire said. 

“We were surprised and very dis- 
appointed,” said John Billingham, the 
program’s manager, who was planning 
to begin scanning the skies in 1983. 
NASA scientists were building a multi- 
channel spectrum analyzer, a machine 
the size of a television, which would de- 
tect non-random radio signals arriving 
from as far away as 1,000 light-years. 
Scientists planned to spend at least 15 
years looking for signals from a distant 
civilization. 

“This was an important and essential 
project and Proxmire acted like a crazy 
man,’ complained Ronald Bracewell, a 
radio astronomer at Stanford Univer- 
sity. “He did it for the publicity. From 
now on, with scientists gone, the im- 
portant contacts with extraterrestrial 
life will be left to radio hams.” Perhaps 
the only consolation for scientists is the 
thought that aliens with bigger budgets 
may detect stray signals from Earth’s 
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Traces of animals from an ancient swamp 


FLAGSTAFF, Ariz. — The Painted Desert was a swampy lowland 180 million years 
ago, a time when dinosaurs and mammals were first appearing. A few of their re- 
mains, including the oldest mammalian fossils ever discovered in the New World, have 
been chipped out of two tons of rocks in the desert near here. Harvard University pale- 
ontologist Farish A. Jenkins Jr. holds the head of a tritylodontid, above, a reptile 
about the size of a collie. In front of him, center foreground, sit the flattened brown 
Shell and head of the oldest known North American turtle. The most prized fossil, 
inset, is the tiny jawbone and teeth of a mammal, as yet unnamed, that resembled a 
shrew and apparently survived by eating insects and berries. Before Jenkins’ expedi- 
tion this summer, scientists knew of only two kinds of small rodentlike mammals that 
lived 180 million years ago; the jawbone represents a third type. Its owner was prob- 
ably not an ancestor of humans—Jenkins suspects that its descendants all died out. 





radio and television broadcasters. By 
now, Bracewell calculates, signals from 
1950s Milton Berle shows could have 
traveled 175 trillion miles into space. 


@ ® 

A world in a jar 
PASADENA, Calif.—A unique self- 
contained, self-sustaining world has 
been created in the Jet Propulsion Lab- 
oratory. Red tropical shrimp and algae 
have thrived in a sealed flask for more 
than 16 months, the longest any such 
closed ecosystem has ever survived. 

The plants and animals in the flask 


receive light from fluorescent lamps, 
but nothing else from the outside 
world. The algae produce oxygen and 
food for the shrimp, and the shrimp’s 
wastes provide carbon dioxide and fer- 
tilizer for the algae—a simple version 
of the cycle that sustains human life. 
“This kind of system can help put 
experimental ecology almost on the 
same basis as physics or chemistry,” says 
Joe Hanson, the ecologist who created 
it. “If I do an experiment in an open 
tank—to study, say, the population bal- 
ance between two kinds of shrimp—my 
results are open to criticism because 
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“Puerto Ricanwhite rum a 
makes the best screwdriver. 








viene 
: 


“Better than gin. Better than vodka.That’s why so many 


people are switching to our Puerto Rican white rum” 
Luis Soto, film director and his wife, Laura Mola, lawyer. 


It's happening in beach houses, penthouses, ski houses and 
town houses. Everywhere you look, white rum from Puerto Rico is 
being used instead of gin or vodka. In screwdrivers, Bloody Marys, 
mixed with tonic, soda or on the rocks. 

he reason? Puerto Rican white rum has a smoothness that gin 
or vodka can't match. Rum from Puerto Rico, by law, is aged for a 


full year. And when it comes to smoothness, aging is the name of 
the game. 


Make sure the rum is from Puerto Rico. 

Great rum has been made in Puerto Rico for almost five 
centuries. Our specialized skills and dedication have pro- 
duced rums of exceptional dryness and purity. No wonder 
over 88% of the rum sold in this country comes from 


Puerto Rico. RUMS OF PUERTO RICO 


Aged for smoothness and taste. 













© 1981 Government of Puerto Rico 
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organisms from the atmosphere like 
viruses or bacteria can enter the tank 
and affect results. With this system you 
can eliminate extraneous factors and 
do replicable experiments.” 

There have been other closed ecosys- 
tems in laboratories—one with micro- 
organisms has survived 14 years, and 
one with fish lasted five months—but 
Hanson’s is the first to last so long with 
animals as large as shrimp. He thinks 
that this sort of system might help in 
studying how toxic chemicals affect the 
environment, and perhaps eventually 
contribute to plans for the ultimate 
closed ecosystem: human colonies in 
space. “We don’t go directly from my 
one-liter bottle to building a manned 
Mars habitat,” says Hanson. “But it’s a 
step in the direction to see how life 
monitors itself.” 


Surgical dieting: 
a mixed blessing 


SAN FRANCISCO — There are per- 
haps nine million Americans more 
than 100 pounds overweight. These 
“morbidly obese” people face serious 
risks—the death rate of young adults is 
12 times the national average—and in 
extreme cases doctors have resorted to 
surgery to induce weight loss. The re- 
sults so far are mixed. 

Surgeons at an October meeting 
here reported that the gastric reduc- 
tion operation, which was performed 
on 50,000 people last year, is safe and 
effective. It “staples” most of the stom- 
ach shut; the small part that remains 
open fills quickly, causing the person to 
feel sated after a light meal. A long- 
term study at Harvard University and 
the Massachusetts Institute of Technol- 
ogy found that the operation caused 
no serious complications and led to a 
permanent loss of 100 pounds in 85 
percent of the patients. 

But there was bad news here about 
the intestinal bypass, which has been 
performed on 200,000 patients since 
1960. It prevents food from passing 
through the small intestine and being 
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digested there; in theory, a person can 
eat at will and still lose weight safely. 
But John Halverson of Washington 
University in St. Louis found that the 
surgery fully succeeded only 20 per- 
cent of the time. Most patients in his 
study developed problems—kidney 





and liver failure, infections, severe 
diarrhea—and five percent died as a 
result of the complications. Halverson 
urged the few doctors still performing 
the intestinal bypass to stop doing so 
and recommended close scrutiny of 
patients who have had the surgery. 
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Growing up in Arabia 


That’s right, Arabia. 

Your mental picture of Saudi Ara- 
bia probably doesn’t include a scene 
like the one above. Nevertheless, 
Saudi Arabia is where young Stacey 
Callom takes riding lessons and goes 
to school and lives her typical- 
American-girl life. Her father works 
for us there. 

We’re Aramco, the Arabian Ameri- 
can Oil Company. There are 13,000 
North Americans in Saudi Arabia 
with us. And even though you hear a 
lot of news about Saudi Arabia, there 


are things that might surprise you 
about our lives there. 

1. We’re doing something important. 
Aramco produces more oil than any 
other company. Badly needed oil. In- 
cluding about 15 percent of the oil the 
U.S. imports. 

2. Aramco is working on some in- 
credibly large energy projects. And 
on huge communications networks, 
electric utilities; and more. 

3. Our people are glad to be in Saudi 
Arabia with Aramco. They came for 
excellent pay and professional chal- 


lenges that are hard to find elsewhere. 
4. Aramco is growing. We need more 

good people, and few companies can 

match the hundreds of interesting, re- 
warding jobs we can offer. 

5. The horse is a blue-ribbon winner 

called “‘Roc’’ after the legendary 

bird in Sinbad the Sailor. 


ARAMCO 


SERVICES COMPANY 


1100 Milam Building, FS ¢ BC 
Houston, Texas 77002 (713) 750-6965 
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No matter where your journeys take you, this year you can travel 
first class. Because this year, Lincoln-Mercury has a wagon with 
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American wagons and has a special inner 
world for your passengers and your cargo. 
Theres a totally new Cougar wagon, 

marked by its distinctive qrille, 

aes | qenerous capacity, and 
: i ——— individualized interior. Plus the 
1982 Marquis wagon, which 
offers traditional space with 
level taealereleciamealitasle(on 
ARS iaollia Mlaceellioulacallay 
Dealer and find your 
rele Colaba COLO MEM arace| 
its the difference 
between coach 
and first class. 
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Presidential nominee Ronald Rea- 
gan was talking about “varmints.” “I 
understand that ... they are now see- 
ing coyotes as far east as Maine and 
Vermont,” he told Field & Stream’s edi- 
tor last October. “Let’s not worry about 
eradicating the coyotes; I think they 
are very adaptable.” 

Sheep ranchers rejoiced; Reagan’s 
comments opened the way for lifting 
the ban on 1080, a potent coyote pesti- 
cide outlawed in 1972 because it also 
killed other animals. Each year the 
ranchers have pleaded and petitioned 
for the chemical’s reinstatement. Each 
year the government has resisted. But 
shortly after her confirmation May 5 as 
head of the Environmental Protection 
Agency, Anne Gorsuch took the first 
steps toward reopening the case on 
the pesticide. 

To the ranchers, such moves are a 
dream come true; to environmental- 
ists, they are part of a recurring night- 
mare. Either way, they represent the 
unfolding policies of Reagan’s Envi- 
ronmental Protection Agency. What 
the administration sees as fat-cutting 
and streamlining, environmentalists 
interpret as a dismantling of the 
agency and a reversal of the environ- 
mental gains of the last 10 years. All 
agree, however, that things just aren't 
the same. There is a new EPA. 

The new EPA, for example, recently 
reversed a recommendation of the old 
EPA to take immediate action on the 
chemical formaldehyde. Used in prod- 
ucts such as embalming fluid, plywood, 
insulation, permanent press fabrics, 
and cosmetics, formaldehyde has re- 
cently been found to cause nasal cancer 
in rats that breathed amounts compar- 
able to those breathed by some work- 
ers. “This does not mean we will not 
regulate formaldehyde,” says John 
Todhunter, assistant administrator for 
pesticides and toxic substances. “It 
means we believe it does not deserve 
immediate action based on the avail- 
able data.” A document accompanying 
the latest recommendation, however, 
seems to take a different view: “It is un- 
likely that EPA will have better data for 
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many other candidate chemicals [for 
immediate action] than it now has for 
formaldehyde.” And a former official 
involved in the earlier recommenda- 


tion says, “If formaldehyde doesn't 
qualify for this action, I don’t know 
what does.” 

Underlying the formaldehyde issue 
is a new approach to evaluating health 
risks. Because of the economic and reg- 
ulatory burden posed by controlling 
chemicals like formaldehyde, says 
Todhunter, the agency would prefer 
more animal tests and, ideally, epidemi- 
ological studies before deciding the 
risk to human health. “If we don’t have 
good data, we have to take this sort of 
stance,” he says. Previously the agency 
considered animal studies a good mea- 
sure of a substance’s potential danger 
to humans, says Dick Dowd, former sci- 
ence advisor to the previous EPA direc- 
tor. “It just depends on how conserva- 
tive you want to be with respect to 
human health.” 

The new EPA is also taking a differ- 
ent look at some rules made during the 
final days of the old EPA. The agency, 
for example, has proposed suspending 
regulations designed to prevent chemi- 
cal liquids and sludges from leaking 
into ground and surface waters. These 
regulations would control emissions 
from burning such wastes as well. 
While the agency is deciding what to 
do, environmentalists claim the public 
is increasingly exposed to these poten- 
tial hazards. A recent report from the 
General Accounting Office supports 
their contention: Most existing waste 


disposal facilities don’t even comply 
with the less extensive interim guide- 
lines, and there are 8,300 other sites yet 
to be regulated. 

One issue the agency has not side- 
stepped is the Clean Air Act, soon to be 
revised. According to proposals an- 
nounced in August, Gorsuch plans to 
continue setting air pollution stan- 
dards based on health risks, rather 
than on cost-benefit analyses, as many 
critics had feared. But wherever the air 
is cleaner than currently required by 
law, except in national parks and wil- 
derness areas, the agency proposes 
that industry be allowed to pollute up 
to the lawful level. In addition, al- 
though most new cars meet the 1981 
auto emissions limits, EPA advocates 
loosening standards for nitrogen oxide 
and carbon monoxide. Gorsuch claims 
this move could save both industry and 
car buyers possibly $350 per car on 
1982 models. 

Gorsuch.also plans to save the tax- 
payer money by cutting EPA’s budget 
almost in half and its staff by one-third 
during the next two years. Most endan- 
gered in the budget cuts seems to be re- 
search, although EPA officials refuse to 
discuss specific reductions. Reportedly, 
research on air and water pollution are 
among the most severely cut pro- 
grams. “The whole research budget at 
most would be about the cost of one B-1 
bomber, about $200 million,” says 
former EPA director Douglas Costle. 
“It’s very ironic considering their desire 
for better data.” 

“If you gut the programs and you 
cut research so there’s no basis for new 
regulations and you cut people so you 
can’t implement or enforce anything, 
what do you have left?” asks Maureen 
Hinkle of the National Audubon Society. 

You have “environmental results,” 
says Gorsuch’s spokesman Byron Nel- 
son. “We will do good science by get- 
ting down to the important projects. 
We feel we can do the job of environ- 
mental cleanup without excess regula- 
tions. We want to work with the regu- 
lated industry, not against it. We don't 
want lawsuits, we want results.” [S] 
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At the age of 6, Wolfgang Amadeus Mozart was 
the talk of Europe. By the time he was 8, he had sat 
on the knee of Empress Maria Theresa, delighted 
the court of George III, and composed four sonatas. 


Fame came early but fortune always eluded him 


—and when he died of kidney disease at 35, he was 


destitute and had to be buried in a pauper’s grave. 


Yet he left the fickle world an astonishing body of 
music, ranging, like his life, from lighthearted frolics 
to epic tragedy...as you will discover in Mozart, 
ae introduction to a magnificent series from 

IME-LIFE RECORDS called GREAT MEN OF Music. 


Here is a “connoisseur’s choice” of Mozart's cre- 
ations, recorded in finest stereo sound by artists 
who have no peer. You'll hear Leontyne Price sing- 
ing from The Magic Flute...\van Cliburn’s rendition 
of Piano Sonatas Nos. 10 in C and 11 in A...Heifetz’s 
interpretation of Violin Concerto No. 4 in D... 

Benny Goodman playing Clarinet Concerto in A... 


The boxed set on Mozart is only the beginning of 
GREAT MEN OF Music—an unparalleled collection of 
the world’s greatest music, performed by leading 
artists of our time. In future sets, you will thrill to the 
tip of Bach, Beethoven, Tchaikovsky, Brahms, 

ebussy, Mahler...more than 20 composers in all. 


And you'll listen with new understanding as well 
as enjoyment. Because each set is enriched with a 
color-filled booklet on the composer's life and 


times, plus program notes that tell you exactly what 
to listen for. 


Start by auditioning Mozart for 10 days free. 
You'll receive four 12-inch LP stereo records (the 
kind that usually retail for $8.95 each) in an elegant 
slipcase and a background booklet complete with 
Listener’s Guide. 


If after ten days you decide you'd like to own this 
$35.80 value, it’s yours for only $24.95, plus ship- 
ping and handling. If, however, you are not com- 
pletely delighted, return it and owe nothing. Send 
no money. Just mail the attached card. Or write 
TIME-LIFE RECORDS, Time & Life Building, 
Chicago, IL 60611. 


Experience the 
greatness of Mozart 
as your introduction 

to the great Men 
of Music series 
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The face is familiar... 


Editors: 

The day after I read the Neandertal 
reconstruction article [“Facing the 
Past,” October], I saw a picture of Pablo 
Picasso in the New York Times. Could the 
Neandertals have left some descend- 
ents in Spain? 


Jack Krall 
Philadelphia, Pennsylvania 


Many readers noticed the same resem- 
blance, although some said our cover subject 
looked more luke Lee Marvin or Telly Savalas 
or, depending on the family, “Uncle Fred,” 
“my husband,” or “my father.” Many anthro- 
pologists believe that Neandertal genes sur- 
vive today but in blends with those of other 
European peoples. ... The editors 


... but not the name 


Editors: . 

For years we have seen the name 
spelled “Neanderthal.” Upon further 
checking we found they were named 
this for the Neander River in Germany, 
where the first remains were found. Is 
Neandertal a new and modern spelling 
or was it a copy error? 


Virgil R. Plummer 
St. Peters, Missouri 


It 1s taking anthropology a long time to 
catch up with the 1905 simplification of 
German spelling that revised words like thal 
(which means valley and is pronounced 
“tal”) to make the spelling more phonetic. 
About half the recent scientific articles on 
these ancient peoples now use the new 
spelling. ... The editors 
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Redshift rift 


Editors: 

Timothy Ferris dramatized in an in- 
teresting fashion the continuing de- 
bate about redshifts in astronomy 
“The Spectral Messenger,” October]. 
Unfortunately, I feel he left an incor- 
rect impression about one or two cru- 
cial points. He says when other observ- 
ers have found compelling evidence 
that the quasars seem associated only 
by coincidence with foreground galax- 
ies, that Arp has abandoned these 
older cases and substituted new ones. 
That is not true. In some cases astrono- 
mers have written criticisms of certain 
cases or expressed doubts, but these 
were in no way valid refutations. 

The ebb and flow of debate and ar- 
gument is very necessary and stimulat- 
ing in any science, but if Iam right that 
a number of valid observations on the 
present very important subject have 
been rejected over the years on the 
basis of either ignoring them or mak- 
ing incorrect refutations, then—and I 
am sorry to hear myself saying this—a 
really scandalous situation exists. 


Halton Arp 

Mount Wilson and Las Campanas 
Observatories 

Pasadena, California 


Editors: 

The article entitled “The Spectral 
Messenger” is entertaining but in its 
discussion of redshift evidence it is 
biased. It is subtitled “What we see de- 
pends on how we look,” which might be 
paraphrased as far as the article 1s con- 
cerned to say “What or how we write 
depends on what we believe.” 

Much is made of the argument that 
much of Arp’s work has been shown to 
be incorrect. This is just plain wrong. 

By design or not, the production of 
the photograph by Arp in this article 
shows no sign of the bridge between 
the galaxies which is clearly present on 
all astronomical photographs. Of 
course the bridge provides the evi- 
dence that the two galaxies with very 


different redshifts are physically con- 
nected and are thus at the same dis- 
tance, so that at least one redshift can- 
not be associated with the expansion of 
the universe. 


Geoffrey Burbidge, Director 
Kitt Peak National Observatory 
Tucson, Arizona 


The subtle bridge of stellar material in the 
original unfortunately was obscured because 
of a technical. problem in reproducing the 
photograph. ... The editors 


Don’t touch it 


Editors: 

James Barry’s comment in the last 
paragraph of “What is ball lightning?” 
[October] may be fatally misleading. 
He says, “Ball lightning has never 
killed anyone, as far as I know, al- 
though I wouldn’t urge anyone to 
touch it.” 

The following is a quote from Final 
Report of the Scientific Study of Unidenti- 
fred Flying Objects Conducted by the Unwwver- 
sity of Colorado Under Contract to the 
United States Air Force, Bantam Books, 
New York 1969. “Ball lightning has 
been known to cut wires and cables, to 
kill or burn animals and people, to set 
fire to beds and barns, to chase people, 
to explode in chimneys, and to ooze 
through keyholes and cracks in the 
floor.” 


John N. Henning 
APO Miami, Florida 


Teaching science 


Editors: 

Please continue to emphasize our 
need for science teachers and funding 
(“Why Johnny Hates Science,’ Octo- 
ber]. I can’t continue to help support 
my students on my meager salary of 
$11,000. I could go to work for indus- 
try and earn three or four times what 
I’m making, but these kids are our future. 


Fileen Gunning 
New York, New York 
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Now that they’re ready for a change of pace 
it’s time to give them John Jameson. 


Introduce them to John Jameson. They'll like the light, 
delicate taste. Luxurious and smooth as they would expect a premium 
whiskey to be. But with a distinctive character all its own. 

Step ahead of the crowd—give Jonn Jameson, the 
world’s largest selling Irish Whiskey. 





The Association that brings you 
Science 81 

proudly presents 

the science meeting 


of the year 1982 


3-8 January 1982 © The Washington & Capital Hiltons * Washington, DC 


The AAAS 148th National Meeting, Exhibit & Science Film Festival 





The theme of the meeting is 
Building Knowledge & Understanding: Enduring Assets of Socvety. 


We cordially invite you to attend. 


AAAS, the publisher of Scéence 81, is the major interdisciplinary science associa- 
tion in the Western World; it also sponsors the major interdisciplinary science 
meeting of the year — this year in the Nation’s capital. Over the course of six days, in 
160 different symposia, scientists will present their work and ideas, and debate, 
praise, disagree, and generally try to understand where science is and where it's 
going. The exchanges are interesting, exciting, and accessible to the serious layman 
who wants to understand science. 


We invite you to come to the Meeting, its Exhibit, and Film Festzval. 


We invite you to sample the broad range of science, from nuclear weapons control 
to the Japanese managerial system, from quasars to genetic manipulation, from 
biomass energy to the weather on other planets. Interested? Then send us your 
name and address and we'll send you advance program information. 


Address requests to: 
AAAS Meetings Office 
American Association for the Advancement of Science 
1776 Massachusetts Avenue, NW 
Washington, DC 20036 
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The ghost of 
Diogenes 
by Paul Bohannan 
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What makes prisons 
of our myths? 


DECEMBER 


. 
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BEING HUMAN] 





A myth is an artistic organization of 
facts with stirring symbols thrown in to 


give it poignance. In order to survive, it — 


must be generally charming and vi- 
brant. All real myths, provable or not, 
contain a lot of truth. | 
Myth has always provided a cultural 
framework for our most vexing prob- 
lems and our most treasured solutions. 
But when conditions change, maybe 
the time-honored principles of the 
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myth are no longer helpful—maybe 
they are even harmful. 

Throughout most ages and most of 
the world, myths have also organized 
social and cultural values. But myths 
get mixed up with our perceptions of 
the world around us as they simulta- 
neously retain a life of their own. It is 
that double-edged quality that, in 
times of cultural change, makes our 
myths our prisons. We are not taught 
to question myths. In fact, we may 
be told we are “bad” or “rebellious” 
if we do. 

How can we question our myths? It 
seems to me that one of the best ways is 
to recognize out-of-date societal myths 


and consciously update them. That is, 
after all, what myths are for. Many an- 
thropologists believe that classical 
myths evolved, reflecting cultural 
change before they were written down. 
If that is so, perhaps we should live by 
them until they no longer fit. We had 
better begin the process of updating. 
In that spirit I have undertaken to 
rewrite a myth about the habit of living 
in an empty shell or, in this case, a tub. 


A myth for honest 
doubters and builders 


There was once a_ philosopher 
named Diogenes who lived in a tub and 
claimed that every tub must sit on its 
own bottom. He did not know quite 
what that meant, but that is what gave it 
power. It occurred to him that living in 
a tub made him virtuous. Virtue led - 
him to honesty. And the search for hon- 
esty made him famous. , | 

A lot of myths float around about’ 
Diogenes. The one about the time he 
told Alexander there was nothing The 
Great could do for him except stand 
out of his light. Or the time he was sold 
into slavery. Claiming his profession 
was governing men, he was bought by 
an ambitious Corinthian as tutor for his 
young sons. | 

But perhaps the best one is about 
Diogenes lighting his lantern in broad 
daylight and going around Athens 
looking for an honest man. While look- 
ing, Diogenes ran into a lady who also 
lived in her own tub—her name was 

Cassandra. Cassandra told Diogenes 
that Apollo fell in love with her. 

“Did he honestly?” asked Diogenes. 

“Well,” she said, “that was his story. 
He presumed that we daughters of 
King Priam were too virtuous to accept 
his advances, which led him to assume 
he would have to bribe me to make love 
to him. To get what he wanted, he gave 
me the gift of foretelling the future. 
But nobody ever said Apollo was smart 
—just luminous. With a gift like that, it 
became pretty obvious just what he 
meant by love. My fault was not that I 
didn’t love him but that I saw through 
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Crash testing is just the beginning. 


Crash tests using dummies can help engineers 
to design safer cars and trucks. That's why we developed 
much of the technology that has become standard for 
barrier crash testing throughout the industry. 
For example, the Hybrid Il anthropomorphic dummy, 
(o(=1V/=1(@) 01-10 ©) @1\V, MYN/< SMa Ugo ©)€0)(0)01/ o\om (elm Cacme lO) cgalaniciales 
test dummy. 
But we didnt stop there. Our commitment to 
safety led us into even more advanced research. Today, GM 
is pushing safety technology forward with new computer- 
modeling techniques. Weve also developed static crusher 
tests as well as scale-model testing. And our biomedical 
research is helping us to understand better the human 
body's response to accident-induced trauma. 
All this science and engineering cant take the 
place of driving carefully and using seat belts. Please do 
your part; buckle up whenever you drive. For our part, 
weve accepted a role of leadership in safety. Last year, we 
spent over half a billion dollars, not including equipment 
installed on vehicles, to carry out that role. 
MNat-la-mta=m©)\/ Me (=1- elm ace) COMO om (cr@alale) (ele \Ale 
build cars and trucks. Attention to details where you dont 
see them, as well as where you do. Appearance and com- 
fort may sometimes sell a car, but today’s customers de- 
mand real value. 
Our goal, as the world's largest automotive manu- 
facturer, is to maintain our lead by using new technology 
to build cars and trucks that perform better and last 
longer, with lower maintenance costs, than those built by 
any competitor-American or foreign. 


General Motors 


The future of transportation Is here. 
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ONLY $399. 


Exercise physiologists designed the 
new DP 1000 Gym to build your body 
precisely and efficiently—without 
wasted effort or strain. 

At the heart of the DP 1000 is a 
smoothly sliding and easily adjustable 
weight-stack. Simply place the selector 
pin in the desired weight slot. Your 
chosen amount of weights will glide 
smoothly up and down the cam each 
time you lift. To change weight just pull 
the pin. Included are accessory pulleys 
that permit dozens of exercise variations. 
All the exercises you'll ever need. 

Manufactured by the world’s largest 
maker of fitness equipment, DP 1000 
offers a full range of professional gym 
exercises—accomodating every con- 
ceivable exercise posture (even dupli- 
cates motions used in popular sports). 
Illustrated instructions show 50 simple 
exercises from heavy body building to 
general physical fitness. Women enjoy 
the figure shaping exercises. 

The comfortable foam padded bench 
also converts to a slant board for sit-ups. 
The hand bars adjust to anyone’s size 
and feature unique revolving grips for 
more effective bench and pull up exer- 
cises. And the DP 1000 is the only home 
exerciser with a fully padded leg lift for 
complete lower body development. 

ssembles in minutes. Thick rubber 
wheels provide easy roll-away storage. 
Unfolded and wall mounted, it’s 85’ 
tall, 40” wide and 53” deep with bench 
extended. Folds up snug to the wall or 






quickly unbolts and stores in a closet. 
Weighs 180 lbs. Built of handsome black 
steel with tubular chromed steel frame. 
Silent operation. 

Comes with eight 11 lb. Orbatron® 
weight plates which produce a maximum 
resistance of 114 lbs. Or order with 16 
weight plates (202 lbs. maximum). Unlike 
real iron, its silent operation won't 
disturb others. | 

Best of all, you can try this highly 
efficient scientific approach to fitness 
with the security of our full 30 day return 
privilege. If you're not satisfied, simply 
return it for a full refund. And we really 
mean it. 

Own the closest thing yet toa 
private health club. 


ORDER TOLL FREE. 






Credit card holders call toll free. 
Or send check. Order product #DP598 
for Gym with 114 lbs., $399 plus $45 
delivery. Order product #DP649 for 
Gym with 202 lbs, $458 plus $64 
delivery. Add 6% sales tax in CA. 
And please mention this magazine. 


800 227-3436 
In California 800 622-0733 
In Alaska and Hawaii 800 2277-3826 
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him. So I told him to pack off. And that 
hurt his ego. So as he left, he did an un- 
kind thing: He said he couldn’t take the 
gift of foreknowledge away, but he 
added a curse. I was doomed not just to 
foresee the truth but also to go around 
telling everybody about it. I’ve had my 
foot in my mouth ever since.” 

Diogenes asked if the gift of 
prophecy made her honest. She replied 
that being able to foretell the truth 
made her honest but having to blurt it 
right out made honesty a burden. Dio- 
genes was displeased. He grew increas- 
ingly cynical but refused to abandon’ 
the proposition that an honest person 
could be found. 

Diogenes turned up in Berne, in 
Switzerland, about 1905 and ran intoa 
patent examiner named Albert. He 
and Albert had a long talk about hon- 
esty which confused Diogenes even 
more. Albert kept saying things like, 
“Time is absolutely relative. There is 
nothing that corresponds to fixed time 
—it is a figment of your perception and 
your upbringing.” Or “Mass and en- 
ergy are equivalent.” Diogenes asked, 
“How do you know that for sure?” Albert 
replied, “E=MC?, doesn’t it?” Diogenes 
went away more cynical than ever. 

In the early 1920s, Diogenes ran 
into a young woman in the South Seas 
named Margaret who called herself an 
anthropologist. “Are you an honest 
person?” Diogenes asked. 

“Well,” came the reply, “it depends 
on what you mean by honest. If you use 
American. definitions, it is one thing. 
But if you use Samoan ones, it is quite 
different. If you use scientific criteria, 
it is one thing. But if you use emotional 
ones, it may be very different.” 

Diogenes was puzzled. “Surely,” he 
said, “honesty is honesty.” 

“That is your problem, right there,” 
Margaret told him. “You call yourself a 
cynic but down deep you have no ca- 
pacity for doubting.” 

Diogenes got back in his tub and re- 
turned to the sea. You will know him 
when he turns up: He will ask you 
whether you are honest. Your answer 
may depend on the circumstances. [S] 
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Bronco roars to the top nonstop. Its 

husky 4.9L (300) Six churns out more 

torque than any competitive Six. It 

also turns out excellent gas 

mileage ratings: 24 est. highway, 
EPA est. mpg.” 

Inside it’s a real family 4-wheeler. 
There's room for six with front and 
rear bench seat options (front 
buckets are standard). But Bronco’s 
trim outer size makes it easy to 
maneuver, fun to drive wherever 
you crive. 

Underneath you'll find the only 
independent front suspension in an 
American-built sport utility. It’s 
smooth and tough! 

Mileage-boosting 4-speed 
overdrive, another Ford first, is 


LION IN WINTER. 








optional. So are automatic locking 
hubs. They run free on the highway, 
lock in automatically when you shift 
to 4WD. 

No other 4-wheeler offers all this. 
SO why settle for less than Bronco— 
its one beautiful beast! 


“With std. 4.9L (300) Six and opt. 4-speed 
overdrive. Use for comparison. Your 
mileage may differ depending on speed, 
distance and weather. Actual highway 
mileage and California estimates lower. 
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EVERY DAY THE AVERAGE 
BUSINESSMAN COMMUTES TO THE 
NINETEENTH CENTURY. 


It wouldn’t take very long for the average twentieth century business- 
man to feel right at home in the average nineteenth century office. 

Because for the most part, the way office workers and executives 
work and the tools they use are merely refinements of ‘ 
procedures and products invented in the 1800s or before. 

The typewriter was patented in 1827. The pencil 
with an eraser attached was patented in 1858. The 
telephone was invented in 1876 and the ball-point pen dates from 1888. 

No wonder productivity in the office isn’t keeping pace with the times. 

_ At Xerox, helping people work more productively is our business. 

Today we produce advanced machines that not only make copies of 
incredible ‘quality, but automatically reduce, collate and staple sets together. 
| Machines that create, store and retrieve documents faster 
than humanly possible. Machines that print out computer 
information faster than ordinary computer printers. 

And machines that help business aed ssionals, who earn 
80% of the salaries paid by American business, create reports 
with charts, tables and graphics, in hours instead of days. 

There’s even a special cable —called the Xerox Ethernet cable —that 
can connect these machines into an information network. So that 
the people in your office and in offices around the country can have 
the information they need to get their jobs done. 

In fact, Xerox people, machines and services can not ae 
help you stay on top of your job, but even get ahead of it. 

Which can put you a century ahead of where you were yesterday. 
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A pharmaceutical 
Catch-22 


by Albert Rosenfeld 
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When good new uses 
turn up for a drug already 


on the market, the FDA 
is helpless to help us. 
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The arrival of a new book called 4 
Remarkable Medicine Has Been Overlooked 
reminded me of my first meeting with 
its author, multimillionaire financier 
Jack Dreyfus, back in 1966. I was then 
science editor of Life, and Dreyfus was 
pressing me to doa story about a drug 
called diphenylhydantoin, or DPH. I 
confess that at the time I looked upon 
him with skepticism bordering on 
downright suspicion. But Dreyfus, it 
turns out, had found more than just 
new uses for an established drug. He 
was also about to discover an interest- 





ing flaw in our system of labeling and 
prescribing medication. 

Under its brand name, Dilantin, the 
drug was well known for preventing 
and controlling epileptic seizures. 
Dreyfus assured me that he had no fi- 
nancial interest in Parke-Davis, makers 
of Dilantin; that Parke-Davis, in fact, 
had very little interest in a drug that 
was so cheap and on which the patent 
had long since run out; and that, more- 
over, he had already spent a considera- 
ble amount of his own money trying to 
promote Dilantin because it had done 
him so much good personally. Yet he 
was not an epileptic nor had he ever ex- 
perienced a convulsion. 
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Why, then, this passionate interest in 
publicizing an anticonvulsant drug 
that had been around since 1938? 
Dreyfus explained that it was more 
than an anticonvulsant, as he could at- 
test. He had been hit suddenly, 
inexplicably, by a severe depression in 
1957 at a time when he was at the height 
of his success on Wall Street as founder 
and head of the Dreyfus Fund. There 
was nothing in his personal life to be se- 
verely or even mildly depressed about. 
Yet the illness persisted for more than a 
year, filling him with irrational fears 
that drained all his best energies. As he 
went from one therapist to another, a 
series of incidents convinced him that | 
his basic trouble was not emotional but 
physical—something amiss with his 
body chemistry or electricity. Upon re- 
ceiving a slight shock from a faulty vac- 
uum cleaner, for instance, he became 
uncharacteristically angry, and shortly 
thereafter he noticed a strange metallic 
taste in his mouth. | 

When Dreyfus discussed with his 
psychiatrist the notion that he might 
have an electrical malfunction, the 
doctor mentioned that epileptic sei- 
zures were caused by the uncontrolled 
electrical firing of certaim groups of 
cells. Since Dreyfus was then experi- 
encing bouts of nonstop, unproductive 
thinking that he couldn’t turn off, he 
wondered if his own brain cells might 
be firing excessively. Did his psychia- 
trist think it was worth trying on him 
the drug used for epileptic patients? 
The doctor doubted that it would do 
any good, but since DPH has few side 
effects and no other treatment had 
been any help to Dreyfus, he thought it 
was worth a try. He wrote a prescrip- 
tion for Dilantin, and virtually over- 
night Dreyfus’s depression disappeared. 

Once a drug is in the pharma- 
copoeia, a physician is free to prescribe 
it for any ailment he thinks it might 
help. So over a period of months, Drey- 
fus recommended Dilantin to a num- 
ber of other people, including his 
housekeeper. In some cases, their doc- 
tors agreed to try Dilantin, and it 
worked for them too. Meanwhile he 
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“Computer Chess checkmates 


the leading competitor.” 


— Bruce Pandolfini U.S. National Chess Master — 


“| knew Mattel Electronics 

Computer Chess™ was a remarkable 
game. In fact, | was so confident it 
was one of the best electronic chess 
games, | encouraged Mattel Elec- 
tronics to challenge their leading 
competitor, Fidelity Electronics’ 
Sensory Chess Challenger “8; to a 
match. And as it turned out, my 
expectations were well founded. 
In more than 100 games, Mattel 
Electronics Computer Chess beat 
Fidelity’s game 62%* of the time. 

“Computer Chess was pro- 


grammed by International Chess 
Master Julio Kaplan, resulting in a 
game that plays more like a real 
person than a machine. 

“It’s portable and pocket-sized, 
and has no separate pieces to lose. 
Both the chessboard and the pieces 
are represented by a large easy-to- 
read liquid crystal display. And the 
game's three playing modes provide 
a variety of game play for the 
newcomer as well as the experi- 
enced player. 

“If chess is your game, | highly 


recommend you make your next 
move to Mattel Electronics Com- 
puter Chess. But don’t just take 

my word for it, compare for your- 
self. Once you do, | think you’ll 
choose Computer Chess. The game 
that checkmates the leading 
competitor.’ 


Games were played at the highest regular game 
level for each. Batteries not included. 

“Based on International Chess Tournament rules. 
©Mattel, Inc. 1981 All Rights Reserved. 
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boned up on the human nervous sys- 
tem and started reviewing medical lit- 
erature on the drug. He was surprised 
to learn that many doctors were al- 
ready prescribing it for other disor- 
ders, including cardiac arrhyth- 
mia—erratic heartbeat. Growing more 
intrigued the more he learned, Drey- 
fus resigned from the Dreyfus Fund 
and set up his own personal nonprofit 
foundation, the Dreyfus Medical Foun- 
dation, in order to sponsor further re- 
search on Dilantin and to promote this 
“remarkable medicine.” 

The foundation awarded research 
grants to scientists at Harvard, Colum- 
bia, Johns Hopkins, the University of 
Chicago, and the University of Colo- 
rado, among others. It arranged col- 
laborations of American investigators 
with others in England and the Soviet 
Union. Over the years the foundation 
searched the world’s medical literature 
and found more than 6,000 papers on 
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Dilantin, many of them published in 
the world’s most prestigious journals. 
With his medical advisers, Dreyfus se- 
lected the soundest, and the founda- 
tion summarized and cataloged them. 
The research reports suggested an 
amazing versatility for DPH. It could 
apparently alleviate ailments ranging 
from asthma to migraine headaches, 
from narcolepsy to intractable hiccups. 
It could promote healing and diminish 
pain, relieve sleep disorders, and mod- 
ify the pangs of drug and alcohol with- 
drawal. The foundation’s efforts to 
examine DPH in such extraordinary 
detail represented the first time in 
medical history that a single substance 
has been so thoroughly investigated as 
a potential remedy for such a variety of 
aches and ills. | 
Finally researchers began to under- 
stand how DPH could be so versatile: It 
worked as a stabilizer of cell mem- 
branes, especially nerve cell mem- 
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branes. When something goes awry 
with electrical conduction across the 
membrane, causing the cell to fire 
erratically, too frequently, or too infre- 
quently, DPH serves to bring that elec- 
trical firing back into balance. In epi- 
lepsy, for example, DPH is believed to 
inhibit the seizures by aborting their 
runaway electrical discharges. 

It made sense to Dreyfus that erratic 
electrical firing by nerve cell mem- 
branes could cause a diversity of symp- 
toms and thus provide the common de- 
nominator in a multitude of maladies 
from cardiac arrhythmia to chronic 
pain. If he was correct, then Dilantin 
should be useful in all these disorders 
whenever the basic cause was electrical 
misfiring. 

A year after my first meeting with. 
Dreyfus, I wrote a cautiously qualified 
article in Life. Not long after, the foun- 
dation published a volume of selected 
bibliographies and abstracts of the 
technical literature on DPH and sent 
copies to every doctor in the country. 

But Dreyfus was still far from satis- 
fied. He knew that once a drug is ap- 
proved by the FDA for one use, doctors 
are free to prescribe it for any other 
use. But in fact most doctors will not 
prescribe a medication for any use not 
specifically approved by the FDA. 

Another roadblock lay in the custom 
of labeling a drug by the first use found 
for it. A medication is usually classified 
as an anticonvulsant, an antidepres- 
sant, an antispasmodic, an anticoagu- 
lant, a laxative, a diuretic, an emetic, or 
what-have-you, and there it rests. 
While doctors recognize that some 
substances—aspirin, for example—can 
be good for more than one problem, in 
general they think in terms of one drug 
for one disease. The medication com- 
monly used for motion sickness, Dram- 
amine, was first tested as an antihista- 
mine. It wasn’t very effective for that 
purpose, but a few people taking it no- 
ticed that it alleviated their chronic mo- 
tion sickness, so some new tests were 
run, with good results. Has anyone 
looked again, though, to see what other 
things Dramamine might be good for? 
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Dreyfus has spent a great deal of 
time in Washington with high-ranking 
health officials of three administra- 
tions, trying to get DPH recognized 
and approved for its many alternative 
uses. Finally, out of what he calls “ter- 
minal frustration,” he wrote A Remark- 
able Medicine, his only book. His own 
story fills 120 pages of large print; the 
rest of the book—more than 200 addi- 
tional pages of smaller print—consists 
of bibliographies and medical informa- 
tion about DPH. 

The book points up a major flaw in 
our system of drug approval: The FDA 
can protect us from drugs that may be 
harmful (thalidomide) or useless (Lae- 
trile). That, after all, is its function—a 
regulatory one. But when good new 
uses turn up for a drug already on the 
market, especially an inexpensive drug 
whose patent has expired, the FDA is 
helpless to help us. Catch-22. Unless 
some company is willing to go through 
the wearying process of applying for a 
new drug use and spending the long 
years and the millions of dollars it now 
takes for testing, the FDA cannot take 
any initiative of its own. 

Dreyfus suggests that, in the case of 
DPH, all the usual testing required for 
new uses be bypassed; it would in any 
case be a waste of time, money, and ef- 
fort. DPH has been used regularly and 
routinely by millions of people—parti- 
cularly epileptics—for more than 40 
years. It does not interfere with normal 
function and is not habit forming. Its 
side effects, usually quite manageable, 
are well known. The FDA, says Drey- 
fus, would merely have to reclassify it 
as, say, a “stabilizer of bioelectrical ac- 
tivity” instead of as an anticonvulsant. 
That would be an official signal to phy- 
sicians, who would then feel free to use 
their judgment in prescribing DPH for 
the millions of patients Dreyfus be- 
lieves would be its beneficiaries. 

The format of his book is strikingly 
offbeat, opening in large type on the 
front jacket with a letter to the Presi- 
dent. When a system is so hobbled by its 
own rules, it may take nothing less than 
presidential attention to unfetter it. [S| 
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For a full color lithograph, 18” x19”, of Ken Davies “Flying Wild Turkey,” send $5.00 to Box 929-SC, N.Y., N.Y. 10268. 


An Unforgettable 
Experience 


To see a Wild Turkey rising 
from the forest floor is an awe- 
some sight no man is likely to 
forget. The bird's wing-beats 
resound like thunder claps, 
and its feathers fan out in 
grand display. 

The Wild Turkey is the 
largest native bird capable 
of flight and an apt symbol 
for Americas greatest native 
whiskey—Wild Turkey: 





WILD TURKEY */ 101 PROOF / 8 YEARS OLD 


Austin, Nichols Distilling Co., Lawrenceburg, Kentucky © 1981 
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Tension 


in the 


Qathedral 


Gothic beauty: 


Was it form or function? 


by Michael Cohalan 





edieval architects, master builders of 
the soaring Gothic cathedrals of Eu- 
rope, were for the most part unable to 
read, write, or multiply. When Renais- 
sance literacy invaded the building in- 
dustry, written direction began to cramp the adven- 
turous style of the field-trained builders, or so says 
Princeton structural engineer Robert Mark: “Once a 
rule for sizing building elements was written down, it 
took on authority. It couldn’t be tampered with.” 
About 15 years ago Mark was busy teaching and test- 
ing the designs of thin-shelled concrete structures. In 
Prague to attend a conference on modeling building 
structures, he saw his first Gothic cathedral. Shortly 
afterward, architecture students in his Princeton 
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Robert Mark 


classes piqued his interest in medieval construction and 
design. Over the last decade that interest has brought 
art historians answers to questions that have been 
plaguing the field for more than 200 years. Were the 
trademarks of Gothic design—the ribs in Gothic 
vaults, the upper flying buttresses, the ornate pinna- 
cles—decorative or functional? 

Viollet-le-Duc, the 19th-century restorer of French 
Gothic churches, claimed with little substantive evi- 
dence that Gothic builders designed functional build- 
ings, that all that folderol had its purpose. Critics 
claimed it was mainly ornamental. Now Robert Mark 
has used modern engineering tools to prove that many 
elements of Gothic building were necessary. 

Robert Mark goes to the oven in his engineering lab- 
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oratory and removes a thin epoxy model of portions of 
a Gothic cathedral. The wafer-shaped model had be- 
come soft and rubbery while heating, its structure de- 
formed by the fishing weights attached at critical 
points. Sufficient cooling locks in the deformations. 
Mark removes the weights and places the translucent 
model in a polariscope that he has designed to observe 
a Gothic mystery. 

When he turns on the light behind polarized filters, 
the luminous plastic becomes a multicolored contour 
map. He can read the history of stress experienced by 
this tiny, lbaded-down model. Measurements are taken 
and the wavy radiant lines tabulated. He punches data 
into a calculator according to a prearranged formula 
and arrives at a conclusion that ends a longtime dispute 
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Flying buttresses support the high nave of the cathedral at 
Bourges. A plastic model, left, illustrates the way in which 
stepped aisles were constructed within the sweep of the buttresses. 


among architectural historians. It is now clear: The up- 
per flying buttresses of Amiens cathedral were de- 
signed to resist the high winds on its steep timber roof 
and upper clerestory. When there is no wind, they sim- 
ply carry their own weight. They were not built just 
for decorative effect. Though it may be difficult for 
some to imagine the high winds of Amiens, France, 
roaring in a Princeton oven, Mark is convinced he has 
simulated their effects in his laboratory. And many ar- 
chitectural historians agree that he has. 

. The process he uses is called optical stress analysis. 
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‘Tension within the 
lofty frame of a Gothic cathedral 
can spell disaster. 


The cathedrez 


of Amiens 
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FLOOR PLAN 





Soaring lines and lightness characterized Gothic design 


flourishing in European construction for 400 years (1140 to 


1550). The Gothic period followed the Romanesque, which 
emphasized solidity and mass. The introduction of the flying 
buttress —one of the key elements of Gothic style, along with 
ribbed vaulting and the pointed arch—made possible the 
reduction of massive wall surfaces. The floor plan above is 
scaled about 1:1,200; the elevation scale is about 1:400. 
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The technique was honed following World War II to 
study the design of nuclear reactor vessels. Using mate- 
rials such as epoxy plastic, colorful stress patterns are 
seen through polarized filters. Strains within the plas- 
tic cause the light to defract as in a crystal. The con- 
tours can then be read because each degree of stress 
has its own color. The practiced eye can see if the 
stresses are caused by compression or tension, condi- 
tions that are critical to Gothic architecture. 

Stone is a compressive material, and Gothic architec- 
ture is, if anything, the sublime expression of com- 
pressive logic. Tension within the lofty frame of a 
Gothic cathedral, on the other hand, can spell disaster. 
The architects were field-trained builders who knew 
this and took great pains to avoid placing a stone where 
it would be prone to bending or pulling. Bending, for 
example, produces tension on one side of a structural 
component. To understand the forces involved, just 
break a loaf of two-day-old French bread. 

Mark returns with another model. It is similar to the 
first except that it has horns sprouting on the two up- 
per corners. Placed in the polariscope, the plastic 
transforms into swirls of brilliant colors that rival the 
stained glass of a Gothic cathedral. When Mark re- 
turns from his calculator, he is pleased with his results 
for they argue that the pinnacles at Amiens cathedral 
also had a utilitarian function. 

The cathedral of Amiens is situated about 70 miles 
north of Paris and is considered the best example of 
French High Gothic. Begun in 1220, it is finely propor- 
tioned, rich in sculpture, and suffused with light. It is 
also the largest of the completed French cathedrals, 
boasting a vault of 140 feet. Viollet-le-Duc, principal 
architect in charge of its restoration in the 19th cen- 
tury, could offer only pallid arguments that the highly 
ornate pinnacles contributed to the overall stability of 
the pier buttresses. Few critics agreed with him. 

To appreciate this controversy, consider that the 
enormous horizontal thrust of the cathedral vaults is 
transferred to weight-bearing piers through slender 
stone arches called flying buttresses. There that thrust 
is resisted by the sheer weight of the piers. Imagine 
yourself as a flying buttress leaning against the main 
wall of the cathedral, arms extended above your head, 
feet firmly planted on a tall stack of stone blocks. Ever 
anxious about the blocks sliding and toppling beneath 
you, you observe another fellow perched above you, 
the upper flyer, who leans to support the roof at the 
first sign of wind. The last thing you would need is a 
third costumed fellow standing on top of the pier, idly 
combing his hair. Or would you? 

Optical stress analysis results contradict the most ob- 
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vious answer, proving that the pinnacles are indeed 
needed during high winds. When the winds rage, the 
pinnacle adds just enough weight to cancel local tensile 
forces at the outer edge of the pier. One wonders how 
the Gothic architects could have understood these sub- 
tle forces so precisely since the structural role of the 
pinnacles is not immediately evident. 

Today Mark’s storage shelf looks like the skyline of an 
ephemeral Gothic city. But he doubts that Gothic mas- 
ters made models before they built. A master carpenter 
could certainly have cut blocks into the shape of stones 
and made a tiny scale model. This is possible, Mark be- 
lieves, but unlikely. The model would have yielded a 
useful vision of general stability, but particular resist- 
ance to force could not be determined. 

Mark believes that the Gothic masters worked not 
with tiny models but with full-scale buildings. Working 
on smaller structures allowed them to experiment with 
ideas and methods that then were applied to progres- 
sively larger buildings. For example, Saint Foy Conques 
was begun in 1050, a larger cathedral was begun at 
Laon in 1160, and Rheims cathedral, almost twice the 
height of Saint Foy Conques, was begun in 1211. Many 
early Gothic cathedrals were constructed one bay at a 
time permitting the masons to monitor telltale stress 
cracks in the mortar. 

The remarkable balance of forces achieved by the 
peculiar pinnacles of Amiens is a more convincing ar- 
gument for on-site correcting. Mark suggests these 
pinnacles were added while the original building was 
under construction because masons noted hairline 
mortar cracks on the upper outer surface of the pier 
buttresses after a violent storm. 

In his campaign to discover the secrets of Gothic en- 
gineering, Mark found reason to criticize the cathedral 
at Chartres, perhaps the most charismatic Gothic 
structure in Europe. It is a magnificent blend of archi- 
tecture and art, incorporating some of the world’s 
finest masterpieces of sculpture and stained glass. Lo- 
cated 50 miles southwest of Paris, its construction be- 
gan in 1194. 

Although Mark does not deny the beauty of Char- 
tres, he argues that the architect was extremely con- 
servative and did not fully understand the principle of 
buttressing. He believes that another architect was 
more facile and imaginative in transferring horizontal 
forces to the ground. That man was the architect of the 
cathedral of Bourges, a town some hundred miles 


At Amiens cathedral, top right, where the vault is 140 feet 
high, the transept is held up by flying buttresses. Right, weights 


are hung on a plastic model of Amiens to simulate tension. 
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The Secrets of 
Notre-Dame 


In 1163 Pope Alexander III 
laid the cornerstone of the Ca- 
thedral of Notre-Dame of Paris, 
in the presence of church digni- 
taries, King Louis VII, and the 
royal court. It took almost 100 
years to complete the structure, 
and much of what was done in 
the earliest years was undone or 
redone in the 13th century. 

Major reconstruction oc- 
curred on the existing portions 
of the building beginning in 
1225. Another massive recon- 
struction probably took place in 
the 14th century. Then in the 
19th century Viollet-le-Duc, 
whose name came to be synony- 
mous with Gothic restoration, 
was called on by the French gov- 
ernment to refurbish Notre- 
Dame. He spent over 20 years 
on the project. Viollet-le-Duc’s 
work at Notre-Dame confirmed 


his belief in the interdependence 


of form and function. He was 
certain that most elements of 

Gothic design were both func- 
tional and decorative. 

While restoring Notre-Dame, 
Viollet-le-Duc made a series of 
careful drawings of the building 
as he found 1 it. He wanted to 


Arch of the first flying biiess on the 
inner face of a 12th-century buttress at 
Notre-Dame in Paris, top. Above, the 
same arch as drawn by Viollet-le-Duc 
and Lassus in 1843 prior to restoration 
of the cathedral. Below, Robert Mark’s 
model of original nave. Arrows indicate 
regions futyect to tensile cracking. 
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know the building fabric and its 
history from every angle. Based 
on those drawings and existing 
archeological evidence, a medie- 
val architectural historian, Wm. 
W. Clark of Queens College, 
CUNY, prepared new drawings 
reconstructing the original con- 
figuration of Notre-Dame. This 
year Clark and Robert Mark col 
laborated in a model test of the 
reconstruction scheme to deter- 
mine its structural feasibility. 


In the archeology Clark found 


evidence of the earliest example 
of the flying buttress, probably 

the single most recognizable ele- 
ment of Gothic design. An arch 


preserved in the stone of the up- 


per parts of the building must — 
correspond, Clark believes, to 
the curve of the arch of the first 
flying buttresses. These but- 
tresses, dating from 1175 to 
1180, were modified as early as 
the 1225 campaigns. 


Mark’s model analysis, which is 


still in progress, has confirmed 
the general lines of the archeo- 
logical reconstruction but also 
has revealed several regions in 
the structure that were poten- 
tially flawed. Clark and Mark 
suggest that these structural 
problems may have necessitated 
the 13th-century rebuilding. 


—Bonnie Bilyeu Gordon 
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The cathedral stands 
on the horizon like a chunk of 
unfinished history. — 


south. Its system of buttressing is more steeply sloped 
and stretches out across the aisles to lower exterior 
piers. Mark modeled the structural frame of each. 

He learned that, within a similar range of stresses, 
Bourges was achieving the same results as Chartres 
with 60 percent less stone buttressing. The ponderous 
weight of a Chartres pier buttress is 1,000 tons while a 
Bourges buttress weighs 400 tons. When the two mod- 
els were studied for high wind conditions, they showed 
equivalent stress limits under simulated winds. 

The models also revealed that the curious upper fly- 
ers at Chartres, much lighter than any of the lower but- 
tresses, were constructed as a precaution against the 
horizontal forces caused by high winds and did not to- 
tally solve the problem. Some damage due to extreme 
winds was noticed at Chartres in the regions indicated 
in the model. 

In those days master masons may have been ulcer 
prone where buttressing was concerned. Vaults had 
been prevalent since ancient Rome, but the system of 
horizontal restraint inherited from those ancient 
builders was plain and simple: mass. The Romanesque 
era, which bridged the void of Europe’s Dark Ages, em- 
ployed a system of wall buttressing that thickened the 
piers at the already portly side walls. Flying buttresses 
were new animals. The vaulting relies upon their eter- 
nal presence. If the buttressing fails, the vaults come 
tumbling down. That is just what they did at the daring 
cathedral of Beauvais. 

The cathedral of Beauvais stands on the distant ho- 
rizon like a chunk of unfinished history. Rich in detail 
and courageous in its 16-story height, it was the limit 
of Gothic audacity. Now it sits unfinished, proclaiming 
its dilemma on the plain of Beauvais just 40 miles north 
of Paris. 

This cathedral has had its share of bad luck: The 
vault collapse occurred in 1284; years later in 1573 a gi- 
gantic 490-foot stone tower toppled to ruins. Much of 
the damage was repaired in 1578, but the tower was 
never replaced. Most experts agree that the tower fell 
from leaning in the unbuttressed direction of the ab- 
sent nave. 

Traditional theories for the vault collapse have been 
inadequate. Solutions have been offered that mention 
poor foundations, excessively large spans, too-slender 
piers, “the final limit,’ and earthquake movement. 
None of these arguments had sufficient scientific valid- 
ity. Higher structures had been built in stone (many 


Using modern engineering tools, Robert Mark, above, has been 
able to test theories of Gothic construction on his plastic models. 
Below, an assistant hangs weights on a model before heating it. 
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An architectural detective at work 


When he’s not teaching engi- 
neering, the history of architec- 
tural structure, or testing struc- 
tural designs, Robert Mark 
spends a good deal of time 
prowling about Gothic cathe- 
drals. All the tower climbing and 
neck craning help him under- 
stand construction methods, ap- 
preciate design differences, and 
think as medieval architects 
thought. Often he has a specific 
mission—detecting cracks in the 
masonry or faulty buttressing 
that might agree with the pre- 
dictions of his laboratory tests. 

Until last April, Mark had 
never inspected the largest 
Gothic-style cathedral in the 
world, Saint John the Divine, the 
Episcopal cathedral in Morning- 
side Heights, New York City. 
Saint John’s, sometimes called 
the Unfinished, was begun in 
1892; if all goes well, it may be 
finished within the lifetime of 
the younger stonecutters work- 
ing there now. 

Construction of Saint John’s 
has been interrupted more than 
, | once, most recently during 
World War II. Work resumed 
only in 1979. Its first goal is to 
build two towers that will soar 
above the cathedral’s present 
facade. To do this properly, a 
team of local stonecutters, many 
drawn from nearby neighbor- 
hoods, is being trained by Eng- 
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lish master builder James 
Bambridge, a man who has 
helped build and reconstruct 
several English cathedrals. 

Bambridge takes some time to 
explain to Mark the intricacy of 
the project now underway, then 
leads Mark to the front door of 
the cathedral to have a look. 
Mark enters the building re- 
marking on the solid, conserva- 
tive English-style exterior. But 
he is not intrigued. The interior 
entrance leaves him equally 
unmoved. Then as his eyes ad- 
just to the light, Mark gradually 
brightens. “This is very strange. 
It begins to look elegant, a bit 
more French,” he says. Moving 
up the aisle, he is drawn in. 

He notices with surprise that 
the design of some of the vaults 
is six-partite (an old six-part form 
of valuting not used in the de- 
veloped Gothic style) and recalls 
that the cathedral’s architect, 
Ralph Adams Cram, had eclectic 
tastes. He still cannot under- 
stand why the interior differs so 
much from the exterior, and why 
many details conflict with each 
other. Then he remembers that 
original plans and architect for 
the building changed in mid- 
stream. But not until he reaches 
the central crossing, a part of the 
original church, does he realize 
just how much plans changed. 

As he approaches, he grows 
more animated, and a chuckle 
comes into his voice. “It’s not 
even remotely Gothic,” he says. 
“It’s another style completely ... 
pseudo-Romanesque.” 

On inquiry he finds that archi- 
tect C. Grant La Farge designed 
the first portions of the cathe- 
dral in the Romanesque style 
popular in the 1890s. Why the 
change, Mark wonders. He is 
told that dissatisfaction with the 
first design led to La Farge being 
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After nearly 40 years, work has re- 
sumed on the Cathedral of Saint 
John the Divine in Morningside 
Heights, New York, using local appren- 
tices such as Timothy Smith, left. 
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fired in 1911. Cram replaced 
him. By that time a Gothic re- 
vival led Cram to build a Gothic 
encasement for the Romanesque 
altar. To enliven the church, 
Cram alternated slender and 
massive columns in the nave, a 
juxtaposition that Mark earlier 
had found odd. 

Mark wants a view from above 
and begins to climb the 17 
flights of narrow, circling stairs. 
Midway up the stairs he stops to 
rest and gestures to the stairs be- 
low. “They built them circling 
down to the left so they could 
more easily defend the church. 
A guardian coming down and 
circling left would have his 
sword in his right hand, but an 
intruder had no room to swing a 
sword from the right hand, close 
to the central stair shaft.” Just 
then the pattern of the stairs 
changes and begins to circle 
down to the right. “Well, that’s 
the way they used to build them 
in the Middle Ages,” he says. 

From tiny balconies along the 
walls of the nave, Mark looks 
closely at fine details of con- 
struction and then spots a crack 
in the stone masonry of a vault. 
A maintenance man apologizes 
for the slowness of repair. But 
Mark has gone on ahead to 
check the vaults along the whole 
visible expanse of the ceiling and 
notices similar cracks at several 
points. “It probably indicates 
some motion of the walls,” he 
says, though without study he 
can’t say exactly what is wrong. 

Stopping for a long view of 
the floor, the enormous hollow 
space, the windows, halls, and 
chapels, he admires the way it all 
works from this upper balcony 
despite the mixture of styles. 
The light is better now as the 
sun breaks through the clouds 
and the stained glass, and the 
scene reaffirms Mark’s passion 
for cathedrals. As he leaves, he 
promises Saint John’s dean, 
James Morton, to gather data 
which may be used for model 
testing—his first on an American 
cathedral. 

—B.B.G. 


other Gothic towers, for example); moreover, the re- 
paired Beauvais cathedral had stood firm for nearly 


‘700 years. The foundations are of great depth and con- 


structed on the site of an earlier building and within 
the walls of an old Roman precinct. There are no signs 
of any major settlement. That the vaulting style was 
changed during repair work and an additional pier in- 
serted in each bay lends some credence to the theory 
that the columns were too slender and the spans too 
great, though no scientific analysis has ever been pro- 
duced to confirm it. On the contrary, a buckling analy- 
sis performed by Mark indicated no danger to the 
piers. Mark also investigated and rejected a theory that 
supposed that the slender supporting colonettes sim- 
ply buckled. | 

Mark’s stress analysis traced the disaster to a faulty 
design detail that, because of its concealment beneath 
gabled side aisle roofs, might not have alerted the 
guardians of the cathedral to the developing crisis. 
Heavy winds tried the intermediate pier buttressing 
that had already cracked from carrying great horizon- 
tal force. The beautiful massive structure gave way to 
the wind. 

Mark’s influence on art history has been significant. 
“No one before him could explain some of these subtle- 
ties of medieval structures,” says Princeton art histo- 
rian Carolyn Malone. “It’s a unique breakthrough in 
art history.” 

But Mark doesn’t stop with Gothic architecture. He 
has completed a study of the new Sydney Opera 
House, where he believes the roof shell’s design “was in 
no way derived from any structural premise.” He 
blames the huge cost overruns on engineering prob- 
lems with the concrete roof system. 

Robert Mark likes to think of himself as an esthetic 
engineer. But the two dozen papers he has published 
on aspects of structure in historical buildings have 
made him a forceful historian as well. He has devel- 
oped a course tracing technology’s role in the building 
arts. Through modeling, Mark has advanced the con- 
cept of the engineer’s esthetic in which the elegant so- 
lution is usually the most simple and direct, achieving 
maximum efficiency with the materials and methods 
available to the designer at that time. One must con- 
clude that the Gothic architects, who could only intuit 
the stresses now seen in the colorful waves of the 20th- 
century polariscope, were the greatest “esthetic engi-- 
neers” of all time. ) 


Michael Cohalan 1s an architect in Washington, D.C. He be- 
came enamored with Gothic architecture while sketching cathe- 
drals in Europe and considers Viollet-le-Duc a personal hero. 
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ISABELLE 


An atom smasher collides with new technology, 
bad design, and the federal budget. 





circular tunnel more 

than two miles long sits 

empty today on Long Is- 

land, awaiting the con- 
struction of the most powerful and 
expensive atom smasher in Amer- 
ica. But it may never be filled. Isa- 
belle, as the project is called, has al- 
ready cost $130 million, and its 
completion threatens to bankrupt 
the country’s high energy physics 
program. As the budget-conscious 
Reagan administration and Con- 
gress prepare to decide Isabelle’s 
fate this winter, scientists fear that 
the empty tunnel is about to be- 
come a monument to one of the 
costliest fiascos in the history of 
basic research. 

At the core of the saga is a tech- 
nical failure that could have been 
avoided. High energy physics de- 
pends on accelerators, huge ma- 
chines that subject atomic particles 
to conditions more extreme than at 
the center of the sun. By using 


| magnets to guide streams of parti- 


cles in a vacuum tunnel, physicists 
can approximate the particle colli- 
sions that occurred at the birth of 
the universe. They can discover 
new particles, learn how matter 
was created in the Big Bang, and 
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by William J. Broad 


win Nobel Prizes—all of which 
American physicists have done bet- 
ter than anyone else for the past 
half century. But in their eagerness 
to stay ahead in the race, some par- 
ticle physicists rushed to build big- 
ger and better machines without 
doing enough preliminary work. 
The results are Isabelle and the 
prospect of being overtaken by 
European researchers. 

The problem began in the 1960s, 
when federal grants to particle 
physicists grew at an unprece- 
dented rate. By the late 1960s the 
West Coast had the nation’s largest 
accelerator at Stanford, and the 
Brookhaven National Laboratory 
on Long Island ran a close second. 
Midwestern physicists persuaded 
their representatives in Congress 
to build the most expensive ma- 
chine yet, the $243 million Fermi- 
lab with its impressive four-mile 
circular mound, on the Illinois 
prairie. Other scientists resented 
the glamour and the political influ- 
ence of the particle physicists, since 
the giant construction projects 
took money away from other re- 
search. Asking high energy physi- 
cists how to spend government 
money, complained Science editor 


Philip Abelson in 1966, was “like 
asking a hungry cat to make recom- 
mendations about the disposition 
of some cream.” 

-The boom soon ended. Starting 
in 1970, the U.S. budget for high 
energy physics shrank steadily. 
The desire for new machines re- 
mained, however, especially since 
European physicists were. building 
rival accelerators. So U.S. particle 
physicists continued to build, but 
they cut corners. On their advice, 
the government meagerly funded 
and then canceled a project at Cali- 
fornia’s Lawrence Berkeley Labo- 
ratory analyzing new kinds of ac- 
celerator magnets. Instead, the 
money went toward immediate 
construction of machines. The 
builders would soon pay dearly for 
this dearth of research. 

Isabelle’s designers at Brook- 
haven National Laboratory on 
Long Island planned to surpass the 
power of other accelerators by 
using a radical new technology, 
superconducting magnets. The al- 
lure of superconductivity is that 
once an electric current is intro- 
duced into magnets cooled to near 
absolute zero, -460 degrees Fahr- 
enheit, the current flows forever 
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without loss of energy. The mag- 
net, in a sense, works for free. But 
while superconducting magnets 
are stronger and more efficient 
than conventional ones, the tech- 
nology is something of a gamble. 
Superconducting magnets, com- 
plicated devices that can shut down 
at the slightest disturbance of a sin- 
gle wire, have never been used as 
the main magnets in any accelera- 
tor. And the size of Isabelle consid- 


erably raises the stakes. Each mag- 


net weighs seven tons and is more 
than 15 feet long. The design calls 
for 1,100 of the magnets arranged 
in two rings that accelerate beams 


A winning ring 


While Brookhaven struggles 
to complete Isabelle, a consor- 
tium of European nations 
_known as CERN is revamping 
an existing accelerator near Ge- 
neva, Switzerland, that may beat 
Isabelle to one of her main 
goals: finding an elusive sub- 
atomic particle called the inter- 
_ mediate vector boson. 
Sought by physicists since the 
1930s, the particle is a corner- 
stone of the quest for a theory 
linking the four fundamental 
forces of nature: electromagnet- 
ism, gravitation, the strong 
| force, which holds the nucleus of 
an atom together, and the weak 
force, which is responsible for 
radioactive decay. Each of these 
forces is carried by different 


particles. The photon, for exam- 


ple, carries electromagnetism. 
But the particle responsible for 
the weak force has never been 
found; today’s accelerators are 
not powerful enough to create it. 
Accelerators push particles 
_ such as protons to very high ve- 
locities and then smash them: 
_ into target atoms in liquids or 
_ gases. The debris from these 
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of protons to nearly the speed of 
light. At the intersections of the 
rings, the protons collide, breaking 
apart into subatomic particles. 

At least that was the plan. The 
early results were encouraging: 
Models of the magnets performed 
better than expected, and Isabelle’s 
architects decided to double Isa- 
belle’s power by using even stronger 
magnets. In 1978, without both- 
ering to build a model magnet to 
these new and demanding specifi- 
cations, officials at Brookhaven or- 
dered the stronger magnets. When 
the first magnets rolled off the pro- 
duction line the next year, tests 


high-energy collisions often con- 
tains new subatomic particles. 
But because an accelerated pro- 
ton becomes more massive than 
a proton at rest, its collision with 
a stationary proton is like a loco- 
motive hitting a bicycle: Much of 
the energy simply moves the tar- 
get and does not contribute to 
the energy of collision. If two 
separate beams of protons are 
made to accelerate and then col- 
lide head on, however, far more 
energy is devoted to “smashing” 
them into new bits of matter. 
Isabelle’s twin rings are de- 
signed to do just that; they 
should produce more than 
enough energy to find the inter- 
mediate vector boson. Two accel- 
erators in Europe will also be 
able to produce energies high 
enough to find the particle, but 
these, one at CERN and one in 
Germany, are nearly a decade 


away from completion. 


In 1976 physicists Carlo Rub- 
bia of CERN and Harvard, 
David Cline of the University of 
Wisconsin, and Peter McIntyre 


_of Fermilab came up with a way 


to speed the hunt for the weak 
force particles. While protons 
are herded by accelerator mag- 


nets in one direction, antipro- 


showed that they were too weak 
and broke down too easily. Mass 
production was part of the prob- 
lem. “It’s one thing to knock off a 
half dozen models in the lab, using 
hand-tooled technician’s tricks in 
every one,’ says a Brookhaven en- 
gineer. “It’s quite another to bang 
them out like Cadillacs.” 

A crisis was unofficially declared 
at Brookhaven last year. No amount 
of last-minute finagling could pro- 
duce suitable magnets. Last fall a 
team of advisers recommended 
that four alternative designs be 
quickly evaluated. To pay for the 


evaluation, Brookhaven adminis- 


tons, which have the opposite _ 
charge, can be propelled in the 
opposite direction by the same 
magnetic field. Thus beams of 
protons and antiprotons can 
travel in opposite directions in 
the same machine. 

CERN’s Super Proton Synchro- 
tron was the most likely candi- 
date to be jury-rigged for this 
purpose. Its ring, more than four 
miles in diameter and buried 
nearly 120 feet underground, 
loops into France and back. 

Colliding two particle beams, 
however, is like firing two shot- 
guns at each other. Most parti- 
cles pass unscathed. Moreover, 
antiprotons, unlike protons, are 
difficult to produce. Physicists 
had to develop a way to store 
antiprotons until there are 
enough of them to form a dense 
beam, resulting in a relatively 
high rate of collisions. The Anti- 
proton Accumulator was in- 
stalled last year, and the SPS 
ring is undergoing test collisions 
now. Physicists at CERN are con- 
fident they will find the interme- 
diate vector boson as soon as 
they get the machine up to its 
full power, which should be 
within a year. 


—William Foster A llman : | | 
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trators drained money from the 
other accelerator already working 
at the laboratory. The Department 
of Energy, which funds Isabelle, 
gave the Lawrence Berkeley lab in 
California $1.5 million to work on 
Isabelle’s design—a move that 
showed just how much physicists 
had misplaced their priorities. It 
was the Berkeley lab, after all, that 
had been forced to scrap its earlier 
research into superconducting ac- 
celerator magnets when money 
was needed for big construction 
projects such as Isabelle. 

‘Today, after nearly a year of in- 
tense research, there has been a 
“technical turnaround,” according 
to Nicholas Samios, the leader of Is- 
abelle. The original magnet design 
has been abandoned for a new one 
that achieves all the original tech- 
nical goals. But a host of budgetary 
and political problems has emerged. 
The project is two years behind 
schedule and at least seven years 
away from completion. The delay 
and the extra research has raised 
Isabelle’s cost, originally estimated 
at $275 million, to at least $500 mil- 
lion. The delay will also be costly to 
American scientific prestige: Phys- 
icists in Geneva, Switzerland, have 
just switched on an innovative ac- 
celerator—powered by conven- 
tional magnets—that promises to 
produce some of the same particles 
that Isabelle’s physicists had hoped 
to discover (see box, page 43). 

In an eleventh-hour attempt to 
put Isabelle back on schedule, its 
designers are now. thinking of 
using superconducting magnets 
from a project now under con- 
struction at Fermilab. But this res- 
cue by an archrival, aside from 
embarrassing the Brookhaven en- 
gineers, might raise more prob- 
lems than it solves. Because the Fer- 
milab magnets are weaker than the 
ones planned for Isabelle, there 
would be fewer and less powerful 
collisions between particles for sci- 
entists to study. The rate of colli- 
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sion, which is called luminosity, 
would be perhaps 100 times lower, 
making Isabelle similar to another 
machine already under construction 
at Fermilab. This strikes some phys- 
icists as a senseless duplication of 
effort. “If Isabelle is going to go,” 
says Burton Richter, a Nobel laure- 
ate at Stanford, “it has to go be- 
cause it can get such high luminos- 
ity that it can search for really rare 
and exotic processes.” 

So the Reagan administration 
faces only bleak alternatives this 
winter as it prepares the budget for 
high energy physics research. A re- 
cent report by prominent physicists 
raised the possibility of abandon- 
ing Isabelle altogether and warned 
that Isabelle’s growing appetite for 
money will “devastate” the rest of 
the country’s projects unless the 
government provides special funds. 
But the president’s science adviser, 
George A. Keyworth, has offered 
little hope for such a bailout. He 
spoke of “realistic budget expecta- 
tions” in his first public comments 
about Isabelle. “The shotgun ap- 
proach that we’ve used in the past 
just cannot be afforded anymore,” 
he said in August. “I basically want 
to make sure we have the strongest 
program when we come out of this, 
and I certainly don’t want to throw 
good money after bad.” A few days 
later the director of Brookhaven 
resigned. 

Whatever the administration de- 
cides, the Isabelle debacle seems 
certain to undermine particle 
physicists’ credibility and imperil 
future projects. The accelerator 
designers at Stanford finished 
their most recent project ahead of 
schedule and under budget; so did 
Fermilab’s, even though they en- 
countered unforeseen problems 
with magnets in their haste to 
build. With Isabelle, the builders’ 
luck seems to have run out. s] 


William J. Broad is a staff writer for 
Science. 
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It causes coronaries in children 
and young adults. 





by Albert Rosenfeld 


ive-year-old Rachel, play- 

ing on a swing set in ‘To- 

ronto, suddenly collapses 

and dies of a heart attack. 
A young boy named Steven under- 
goes a triple bypass operation in 
Dallas to postpone the same fate. A 
baby is born in Japan with a choles- 
terol count of 1,000 on a scale 
where 220 is normal for a full- 
grown man. These children all suf- 
fer from a hereditary heart ailment 
called familial hypercholesterol- 
emia, or FH. In this, its worst 
form, neither diet nor exercise nor 
change of life-style will alleviate the 
symptoms. — 

To the surprise of geneticists and 
heart doctors, the most common of 
all known genetic defects have 
turned out to be heart diseases; of 
these, FH is perhaps the most wide- 
spread and certainly the best known. 
Hypercholesterolemia simply means 
that the victim has too high a level 
of blood cholesterol. It is not the 
kind of readily apparent congenital 


anomaly in which the heart is defec- — 


tive or undeveloped at birth. Rather 
it is an error of fat metabolism that 
first causes atherosclerosis, or hard- 
ening of the arteries, and eventu- 
ally causes heart attacks in young 
adults in the prime of life and 


sometimes in very young children. 
FH hits about one in every 500 
people in the United States. By con- 
trast, only one in 2,500 babies is 
born with cystic fibrosis, which af- 
fects the lungs and digestive tract 
and until recently was widely cited 
as the most prevalent genetic dis- 
ease. Upwards of 2,000 ailments 
caused by a single defective gene 
are on the books. Most of them are 
extremely rare, though taken to- 
gether they add up to about 10 
percent of the total number of dis- 
eases that afflict us. FH, not nearly 
as rare, will boost the percentage. 
Apart from the sheer number of 
its victims, FH is important for 
other reasons. Most major genetic 
diseases tend to strike at restricted 
populations: sickle-cell anemia at 
blacks, Tay-Sachs disease at eastern 
European Jews, cystic fibrosis at 


' northern European Caucasians, 


the thalassemias at Italians, Greeks, 
and other Mediterranean groups. 
The so-called sex-linked diseases, 
such as hemophilia, are passed on 
only to male children. But FH 
knows no ethnic or sexual barriers. 
It is a disease that occurs indiscrim- 
inately in virtually all segments of 
the population. 

This dismaying news is softened 
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In a normal cell, receptors latch onto 
LDL molecules in the bloodstream and 
usher them into the cell, where they are 
converted by lysosomes into amino acids 
and cholesterol. The presence of choles- 
terol is the signal that inhibits the en- 
zyme HMG CoA reductase, which in turn 
decreases production of both LDL in the 
liver and of LDL receptors on cells until 
more cholesterol is needed. An FH vic- 


_ tim lacks some or all receptors so choles- 


terol builds up dangerously in arteries. 


by the knowledge that a brilliant 
team of young investigators at the 
University of ‘Texas Health Science 
Center in Dallas, headed by molec- 
ular geneticists Michael S. Brown 
and Joseph L. Goldstein, has made 
progress in learning what causes 
the disease. Brown and Goldstein 
are taking the first steps towards 
better diagnosis, as others work to 
improve treatment. 

Their trailblazing work, imple- 
mented by contributions from 
many other researchers elsewhere, 
has illuminated not only the nature 
of FH but of atherosclerosis itself 
and, in the long run, of all cardio- 
vascular disease. Along the way 
Brown and Goldstein have care- 
fully mapped out how cholesterol is 
normally transported to the cells 
and metabolized, a process that no- 
body understood before they be- 
gan their research in 1972. 

Most of the genetic diseases that 
we know much about are recessive; 
that is, a person must inherit a bad 
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gene from each parent to suffer 
from the disease. Someone with 
one bad gene suffers no symptoms; 
he merely carries the trait. But FH 
is a dominant genetic disease, 
which means that the presence of 
even one FH gene causes illness. If 
two bad genes are inherited, the 
victim suffers a fatal double dose. 
Most victims of FH are afflicted 


‘with the less severe, heterozygous 


form of the disease, in which only 
one parent passes on the gene. 
These heterozygotes ordinarily do 
not begin to have noticeable diffi- 
culties until their 20s or later, yet 
they may suffer their first heart at- 
tacks—often fatal—in their 30s or 
40s. A minority make it into their 
60s or beyond. The more severe 
form of FH occurs in the homozy- 
gotes, whose parents both pass on 
defective genes. They number 
about one in a million live births. 
The cholesterol levels of these 
babies average about 800, while a 
normal baby has a cholesterol count 
of 60. In most homozygote chil- 
dren the disease shows up at about 
age five, when unsightly, yellowish, 
lumpy areas loaded with choles- 
terol develop in the knees, elbows, 
heels, and between the fingers. 
Other than these lumps there is no 
other visible sign of FH. Unless 
cholesterol levels are counted, or a 
family tree of heart disease is 
drawn, many FH victims are not 
aware they are sick until they have 
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a heart attack. Homozygotes are 
sometimes stricken as children, 
more often as teenagers; few make it 
into their 20s, and only one or two 
have been known to live past 30. 

Where most other inborn errors 
of metabolism involve a missing or 
malfunctioning enzyme, the mole- 
cule at fault in FH belongs to a class 
of proteins called low density lipo- 
protein (LDL) receptors. It is only 
in the past decade that biologists 
have become aware of these spe- 
cific receptor substances that act as 
cellular gatekeepers. The receptor 
is a protein molecule that recog- 
nizes a particular substance and 
picks it out of the thousands of 
other kinds of molecules that drift 
by. And the reception is usually ag- 
gressive. The receptor molecule lit- 
erally latches on to its intended 
guest, admits it through the cell’s 
membrane barriers, and escorts it 
to its destination in the cell’s inte- 
rior. A hormone, for example, 
reaches its target cells in this man- 
ner. Its specific receptor, which 
does not exist in cells that do not 
use that particular hormone, waits, 
like a doorman at a private club 
with a watchful eye out for mem- 
bers only, to ease its entry. 

LDL, a large, complex particle of 
protein combined with fat, is the 
principal vehicle for transporting 
cholesterol to most of the body’s cells. 
A single LDL particle may carry as 
many as 1,500 cholesterol molecules 
bound to fatty acids, packaged into 
the core of the much larger LDL car- 
rier that surrounds it. The whole 
complex is held together by water 
soluble phospholipids—fats com- 
bined with phosphorus. 

Cholesterol has received bad 
press in recent years, branded as a 
villainous substance coating the in- 
ner walls of our blood vessels, 
bringing on atherosclerosis; we 
have all been advised to eat as little 
of it as possible. Nevertheless, we 
can’t live without it. All cells need 
cholesterol to keep their own fatty 
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outer membranes in a state of 
healthy repair, and many cells need 
it for other purposes as well, such 
as manufacturing hormones for 
export. Whether or not we eat cho- 
lesterol, the liver, with some help 
from the small intestine, can make 
just about all we require. In fact, 
any cholesterol in the diet is pro- 
cessed in the liver before it goes 
anywhere else. Most of the body’s 
other cells are capable of making 
their own cholesterol as well, but 
they tend to produce very little ex- 
cept in cases of emergency shortage. 

Brown and Goldstein have 

worked out the entire cholesterol 
transport system from its main fac- 
tory in the liver to its destinations 
throughout the body. The receptor 
at the target cell is not a cholesterol 
receptor but an LDL receptor; a 
free cholesterol molecule would 
have no way to get into the cell. 
_ Though each typical human cell 
has about 20,000 LDL receptors, 
they seem to be restricted to in- 
dented areas that take up no more 
than two percent of the cell’s sur- 
face. Because these tiny craters are 
covered with a bristly fuzz, they are 
called “coated pits.” As the LDL 
molecule with its cargo of choles- 
terol enters the pit, the LDL recep- 
tor grabs it. This is the signal for 
the pit to close around its captive as 
it is drawn into the cell. Thus en- 
capsulated, the LDL and its recep- 
tor, hand in hand, as it were, are 
carted off to one of the cell’s major 
internal structures, the lysosomes, 
where they are deposited and pro- 
cessed by the powerful lysosomal 
enzymes. The LDL is broken down 
into amino acids, and the choles- 
terol is set free. 

Some of the liberated cholesterol 
is put right to work, while some is 
processed for storage against the 
possibility of a future shortfall. 
Meanwhile the release of amino 


acids and cholesteroi from the lyso- 
some triggers the shutdown of the 
cell’s own cholesterol-making ma- 
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Blood flows freely in a healthy artery in 
the top half of the diagram above. In an 
FH victim’s clogged artery, bottom half, 
cells lack LDL receptors so LDL accumu- 
lates in the bloodstream, tearing en- 
dothelial cells and leaking through ar- 
tery walls, where scavenger cells turn it 
into cholesterol. But since scavenger cells 
aren’t as efficient as healthy cells, extra 
cholesterol sticks to artery walls. The 
photos below compare the cross section of 
a partially clogged artery, top, with 
a completely blocked artery, bottom. 
The dot in the center is a blood clot. 
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chinery by inhibiting a key enzyme 
called HMG CoA reductase. As 
part of the same complicated feed- 
back loop, this enzyme halts the 
making of any more LDL receptors 
to ensure that no further choles- 
terol shipments arrive until the cell 
is ready for more. 

If a cell is deficient in LDL recep- 
tors, it cannot take the cholesterol it 
needs from the bloodstream, so in- 
stead the cell makes its own. The 
cholesterol produced by the liver 
remains in circulation where-much 
of it is eventually picked up by the 
body’s defense scavengers, the ma- 
crophages. These may become 
bloated with cholesterol and embed 
themselves in the sticky plaques 
forming inside the damaged blood 
vessel walls. Arteries become 
clogged and inhibit blood flow. 

In most homozygotes, the cells 
lack LDL receptors. The blood is 
burdened with excess LDL and 
cholesterol it can’t get rid of. To 
aggravate matters, the liver cells, 
which suffer from the same genetic 
deficiency of regulatory receptors, 
don’t get the normal HMG CoA 
reductase signal to stop making 
LDL, so they keep pumping it into 
the bloodstream. Under these cir- 
cumstances, there is just no way to 


beat the hypercholesterolemia rap. 


Even a cholesterol-free diet wouldn’t 
help. A rabbit afflicted with FH 
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A woman with one FH gene marries a normal man. Each of their children has a 50 
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percent chance of inheriting an FH gene, which is dominant, and getting the milder 
form of the disease. If both the man and the woman have the FH gene, then each child 
has a 50 percent chance of getting the mild type of the disease and a 25 percent chance 
of inheriting two bad genes, causing the most severe, usually fatal form of FH. 


and fed on nothing but lettuce and 
other fat-free foods still develops 
atherosclerosis and heart trouble. 

FH heterozygotes, though less 
drastically afflicted, have similar 
problems, but because they still 
possess about half their normal 
quota of LDL receptors, it takes 
longer for the cholesterol to do its 
damage. The symptoms are not as 
striking but may be equally fatal. 

Goldstein and Brown have de- 
veloped a clear-cut method for de- 
tecting FH heterozygotes by testing 
their skin cells biochemically in tis- 
sue culture. But a skilled counselor 
can usually make a diagnosis with- 
out the test, based on a cholesterol 
count and a family history. 

The 20-year-old who is diag- 
nosed as a heterozygote has rather 
dismal cardiovascular prospects, 
but he learns there are new medica- 
tions that can help. He will be 
warned that his children may be 
similarly afflicted. His real worry is 
that they may be homozygotes. So 
if he is already married, or consid- 
ering marriage, the couple should 
seek genetic counseling, especially 
if the spouse is aware of similar 
heart trouble in her own family. 

The odds that one FH heterozy- 
gote will marry another are about 
one in 250,000. But when that hap- 
pens, any child of theirs will have a 
one in four chance of being a se- 
verely afflicted homozygote. A 
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couple who discovers their genetic 
deficiency after the wife is preg- 
nant can opt for amniocentesis. 
Cells from the amniotic fluid are 
grown in tissue culture to check the 
level of activity of HMG CoA re- 
ductase, the enzyme that regulates 
cholesterol manufacture and the 
quantity of LDL receptors present. 


‘Goldstein and Brown have cooper- 


ated in prenatal diagnosis only in 
those cases where the worried 
mother was ready to abort rather 
than risk giving birth to a homozy- 
gote. They refuse to diagnose pre- 
natally for a heterozygote partly 
because the test is not fully reliable 
and partly because they recognize 
that the heterozygote now has a 
good chance of living out a rela- 
tively normal life-span with the 
right drugs, diet, and life-style. 
Until recently, the only therapies 
were heroic stopgap measures usu- 
ally reserved for advanced cases of 
the disease. One such treatment 
has been plasmapheresis, the pass- 
ing of the victim’s entire blood sup- 
ply through a filtering machine 
(much as happens in kidney dialy- 
sis) where most of the cholesterol is 
removed. But the level soon builds 
up again, and the treatment has to 
be repeated every few weeks. An- 
other now little-used option is ileal 
bypass surgery that shortens the 
small intestine by removing the 1l- 
eum where bile acids absorb excess 


cholesterol and return it to the 
liver. The theory, which works only 
in part, was that by eliminating this 
passageway, cholesterol would be 
excreted with the bile. 

Now there is a drug that seems to 
do the same thing more success- 
fully and without surgery. It is a 
resinous compound called colesti- 
pol that binds bile acids and choles- 
terol and forces the body to excrete 
more of them than normal. Colesti- 
pol is even more effective when 
combined with nicotinic acid, 
which prevents the production of 
cholesterol and lipoproteins in the 
liver. Not surprisingly, the colesti- 
pol-nicotinic acid combination, 
tested at several medical centers 
and now on the market, has some 
undesirable side effects, such as di- 
arrhea and nausea, but these seem 
manageable. The combination 
looks particularly promising for 
FH heterozygotes, who can also im- 
prove their odds by modifying diet 
and life-style, but the drugs are no 
help to the homozygotes, whose 
only remedy is still plasmapheresis. 

Better drugs are in the offing. 
There is a drug called compactin, 
developed in Japan and under- 
going trials here, that seems to in- 
terfere with cholesterol manufac- 
ture by decreasing the activity of 
the key enzyme. If the new drug’s 
side effects turn out to be tolerable, 
it may be an important addition to 
the cardiovascular armamentarium. 

With drugs, diet, and altered 
life-styles, there is every reason to 
hope that FH heterozygotes even- 
tually will be able to reduce their 
heart attack risks to virtually nor- 
mal levels. 

But future generations of homo- 
zygotes like five-year-old Rachel 
may have to wait until recombinant- 
DNA engineers can provide them 
with a healthy gene to manufacture 
their LDL receptors. (S| 





Albert Rosenfeld 1s a contributing editor 
of Science 81. 
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: he proponents of “scientific creationism” claim that their beliefs 
are not religious but rather scientific, comparable to the theory ; 
of evolution and deserving of equal time in the schools. The : 
| creationists’ political skill in pressing this claim has led to new : 
: state laws requiring these teachings in the public schools, to widely | 
q adopted textbooks that omit mention of or seriously distort evolutionary 7 
| concepts, and to a climate of intimidation in biology classrooms across | . 
i ; waa ° : ° . . i 
| | the country. But it is not just biological evolution that is challenged by the 3 
s creationists; their claims call into question nearly all of modern science, | 
5 from astronomy to geophysics. 
r As a social force, the creationists cannot be ignored. But in present- , 
3 ing as “scientific” conclusions drawn from religious tradition and faith, : 
= | the creationists are undermining the already weakened state of science ge 
3 | education in the schools and are holding forth to public view a concept of , 
2 | science and of scientific thought that is misleading and distorted. ; 
ee 4 
- : 
r | _ Creationism as Social Movement by John Skow ‘ 
F | Creationism as Science by Allen Hammond and Lynn Margulis 
3 | ‘The impact on education: an update | 
- | What do the creationists say? ‘ 
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CREATIONISM AS SOCIAL MOVEMENT - 


~THEGENESIS OF 
EQUAL TIME 


he concept that every living 
creature, including man, has 
been shaped by the forces of 
natural selection acting on 
genetic variations and is de- 
scended across a distance of 
eons from the simplest groupings of or- 
ganic molecules, is the great ordering 
enlightenment of biology. 

It is among the most elegant and 
fruitful structures of human thought. 
It has led us to improve our crops and 
our husbandry, made our understand- 


_ing of medicine deeper and more effec- 


tive, and given us a fuller comprehen- 
sion of geologic forces. The ideas of 
evolution are as necessary to the coher- 
ent understanding of the life sciences 
as quantum theory is to physics. 

Yet nothing since the turn of the 
17th century, when Galileo pointed out 
that the Earth was not the center of the 
solar system, has so infuriated Christi- 
anity’s fundamentalist fringe. Since 
Charles Darwin published Origin of 
Species in 1859, fundamentalist 
churchmen have not ceased to wage 
war against its evolutionary teachings. 

Why this should be so is a puzzle, be- 
cause the ideas of evolution in no way 
contradict the fundamentals of gen- 
eral Christian belief in an all-powerful, 
personal deity, in the redemptive sacri- 
fice of Jesus, or in the hellfire that 
awaits unrepentant sinners after 
death. It is true that evolution also fails 
to support these verities and thus 
might be thought insufficiently godly. 
Yet evolutionary thinking also fails to 
support firmly held doctrines of other 
denominations and remains perfectly 
acceptable to members of those faiths. 

It is only the Protestant fundamen- 
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by John Skow 


talists who are incensed when evolution 
is mentioned. But these fundamental- 
ists are a force: intransigent, energetic, 
and politically active. Their strength 
(estimates of churchgoers who insist on 
the literal truth of the Bible run as high 
as 30 million) might have startled even 
H. L. Mencken, the ill-tempered sati- 
rist of the Baltimore Sun, whose report- 
age of the famous Scopes trial made a 
laughingstock of the creationist ideas 
of William Jennings Bryan. Mencken 
would not raise an eyebrow at the news 
that fundamentalist creationists con- 
tinue to cherish their feud with Dar- 


-winism. Nor would he be surprised to 


hear that anti-Darwinism persists even 
among fundamentalists who in no way 
fit his caricature of unschooled back- 
woods clodhoppers. It would fill a res- 
urrected Mencken with unholy delight 
to know that there are now believers in 
a six-day creation and a universe no 
more than 10,000 years old who have 
attended universities and come away 
with Ph.D. degrees. His view of human 
contrariness would be vindicated if he 
could hear these “scientific creation- 
ists” use the terminology of plate tec- 
tonics to explain why all of the thrust 
and heave and wearing down and 
pushing up shown by the geological 
record, and all of the depositing of 
layer on layer of fossils, took place in a 
single 12-month period about 6,000 
years ago, during the catastrophe of 
Noah’s flood. 

‘What Mencken might not be able to 
understand is why the larger society is 
so inept at counteracting the creation- 
ists’ mischief. Dealing with zealots is 
one of the prudent citizen’s survival 
skills, and we have forgotten it. Al- 


though creationist beliefs have no 
standing whatsoever among scientists 
(nor indeed among Biblical scholars, 
except of course those in fundamental- 
ist colleges), the mischief is fairly effec- 
tive (see “The impact on education’). 
In March, for instance, the Alabama 
state board of education removed from 
its list of approved textbooks a number 
of volumes, including one called Unfin- 
ished Journey: a World History, edited by a 
Baruch College historian named Mar- 
vin Perry. This action, Perry reported 
in the New York Times, followed a public 
hearing in which parents’ groups ob- 
jected to such passages as “During the 
long centuries of the Old Stone Age... 
humans developed spoken language 
and learned how to make and use 
tools.” The objection in this case went 
as follows: “How does [the author] 
know that there was no language in the 
beginning? ... That is a very subtle 
way of telling us that we evolved 
through evolution ... This cannot be 
proven as a fact but it is being stated as a 


fact. There must have been language in — 


the beginning ... because ... Adam 
named all the animals.” 

This is by no means an isolated in- 
stance. Last spring the Arkansas legis- 
lature passed (and Governor Frank 
White signed without, he admitted 
later, reading all of it) a law requiring 
that creation “science” be given equal 
time with evolution theory in the 
state’s classrooms. Whether creation- 
ists are to be hired to debate with sci- 
ence teachers and confound students is 
not specified. But Louisiana passed an 
equal time law in July 1981, and similar 
bills have been introduced in other 
Continued on page 57 
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CREATIONISM AS SCIENCE 
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by Allen Hammond and Lynn Margulis 


O scientists, the world we 
live in is remarkable. not 
only for its beauty but also 
for its consistency, its rea- 
sonableness. The same phe- 
nomena, obeying the same 
physical laws, are found in earthbound 
atoms and in giant, distant galaxies. 
The same biochemical processes and 
the same genetic code are found in bac- 
terial cells and in human cells. The 
great syntheses, the great simplifying 
ideas of Newton, Darwin, Einstein, and 
others have in common the discovery 


of one of these underlying patterns in 


nature—a pattern that makes sense out 
of myriad observations, that is logically 
self-consistent, that holds true whether 
tested a thousand or a million times. 
The statement of such a pattern is what 
we Call a scientific theory. 

Creationism claims for itself the sta- 
tus of scientific theory, although most 
observers would describe it as religious 
belief. For the sake of argument, let us 
take the creationist assertions seriously 
as scientific propositions and explore 
their credibility and the consequences 
of their adoption. What existing theo- 
ries, what generally accepted patterns 
of nature do they challenge? What 
more consistent explanations do they 
provide? Such an exercise is possible 
because both scientists and creationists 
agree that scientific theories, to be ac- 
cepted, must agree with the experi- 
mental and observational evidence; 
that is to say, factual rather than mys- 
tical reasoning must prevail. 

The “theory” for which creationists 
so fiercely seek equal time in the class- 
room makes two principal, testable as- 
sertions about nature. First, the crea- 


tionists claim that the age of the Earth 
and the rest of the known universe is 
approximately 6,000 to 10,000 years, a 
figure derived not by measurement 
but by literal interpretation of the Gen- 
esis story in the Bible. And second, the 
creationists claim that the present 
forms of life (plus others now extinct) 
did not evolve over billions of years but 
were all created in one week, about 
10,000 years ago. 

As we shall see, these central tenets 
of creationism are absolutely inconsist- 
ent with the information scientists have 
gleaned from nature through observa- 
tion and experiment. Consequently, 
the creationist claims are also in such 
direct and dramatic conflict with most 
modern scientific theories as to be mu- 
tually exclusive: Adoption of creation- 
ist “theory” requires, at a minimum, 
the abandonment of essentially all of 
modern astronomy, much of modern 
physics, and most of the earth sciences. 
Much more than evolutionary biology 
is at stake. 

All modern interpretations of astro- 
nomical evidence conclude that stars 
and galaxies are distant objects. In- 
deed, these distances can be measured 
for all but the farthest objects, using 
methods that are not in dispute. 
Through these methods we know that 
most stars in our galaxy, and all observ- 
able galaxies other than our own, are 


more than 10,000 light-years away. The 


light we observe has thus required 
more than 10,000 years to reach the 
Earth. Either those objects are more 
than 10,000 years old, or totally new as- 
tronomical hypotheses are needed. 
The observed distance scale for as- 
tronomical objects can be used to deter- 


mine the age of the universe. But the 
distance scale is just one of three inde- 
pendent lines of astronomical evidence 
bearing on this question. The other 
two are the age of the oldest stars 
(which can be calculated because the 
color and brightness of stars indicate 
how long they’ve been burning) and, 
most accurate of all, the average age of 
atomic elements as determined by the 
rate of radioactive decay. All three 
methods give an age for the universe 
between 10 and 20 billion years. 


The age of the Earth itself is deter-_ 


mined primarily by the nuclear physics 
of radioactivity. The decay rate of a 
naturally occurring radioactive isotope 
into a stable atomic form—such as the 
decay of potassium-40 into argon-40 
with a half-life of 1.3 billion years— 
occurs at a constant rate over time, un- 
affected by external conditions. This 
constancy, measured in the laboratory 
but also a direct consequence of quan- 
tum theory, allows radioactive isotopes 
and their decay products to be used as a 
kind of nuclear clock. 

Precise dating is possible with radio- 
active materials and their decay prod- 
ucts found in rocks. Measurements of 
nuclear clocks based on uranium, po- 
tassium, and rubidium in each of thou- 
sands of rock samples (from the moon 
and meteorites as well as from Earth) 
repeatedly give an age for the solar sys- 
tem of 4.6 billion years. If the Earth is 
but 10,000 years old, then the nuclear 


clocks cannot have been constant; radio- 


active elements must have decayed 
very much faster in the past than they 
do today. [f so, we need whole new the- 
ories of nuclear and subatomic physics. 
(Since the operation of nuclear reac- 
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tors also depends on the constancy of 


| radioactive decay, we also face the em- 


barrassment of explaining anew how 
these devices work.) 

Similar contradictions of creationist 
“theory” can be found in the earth sci- 
ences. Modern interpretations of geo- 
logical, geophysical, and geochemical 
evidence conclude that the Earth’s sur- 
face has been drastically rearranged 
over the course of its history. Huge 
crustal plates have shifted thousands of 
miles, whole mountain ranges have 
been thrust up and then eroded away, 
trillions of tons of organic materials 
have been deposited as sediments and 
then chemically converted to coal beds 
or petroleum deposits. The rates at 
which these processes occur, as ob- 
served today or as measured in the lab- 
oratory, require a history for Earth of 


hundreds of millions of years. Indeed, 


for them, to have occurred within the 
past 10,000 years would have required 
unimaginable conditions and novel 
physical or chemical processes. If the 
creationist assertions are to be ac- 
cepted, then earth scientists must be- 
gin again, literally from the beginning. 
(A young age for the Earth also raises 
the question of why, since our species 
has a written history of nearly 6,000 


years, there is no record of dramatic 


events that would have occurred dur- 
ing that time, such as the opening of 
the Atlantic Ocean or the collision of 
India and Asia to form the Himalayas.) 

Since science proceeds by the aban- 
donment of one theory only when an- 
other can better explain the existing 
evidence, the creationist “theory” faces 
severe difficulties. It must not only of- 
fer a self-consistent explanation to ac- 
count for the accumulated evidence of 
science—it must offer a more compell- 
ing explanation to replace the com- 
bined (and self-consistent) edifices of 
physics, astronomy, and geology. No 
such theory—no new physical pro- 
cess—has yet been forthcoming. In- 
stead, the creationists attempt to ex- 
plain away the evidence of an ancient 
universe by assuming that the evidence 
itself was created. They posit a world in 
which the light from the distant stars 
was conveniently created already in 
transit near the Earth. They propose a 
world in which the radioactive isotope 
composition of every mineral in the so- 
lar system was initially set so as to sug- 
gest a much older Earth and in which 
the seabeds and mountaintops were 
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born containing evidence of afi early 
history that never was. In éssefice, the 


_ creationists must propose a deceitful 


Creator if their hypothesis of a 10,000- 
year-old world is to deal with thé evi- 
dence at hand. Most scientists have a 
more abiding faith in the reasonable- 
ness of the world. 


hat about biological 
evolution? One line 
of evidence is closely 
tied to geology and 
the nuclear clocks— 
fossils of bacteria are 
found in rocks formed more than three 


_ billion years ago, animals with skele- 


tons only in rocks formed 600 million 


| years ago, and manlike creatures in de- 


posits not older than a few million 
years. But even if we accept the crea- 


_tionist time scale of 10,000 years for 


Earth, the biological evidence does not 
fit the “theory” that all living organ- 
isms were independently créated in 


one week. 


If chimpanzees were created inde- 


| pendently from people, why do they 


have a common biechemistry down to 
such exquisite details as the amino acid 


_ sequence of particular proteins? For 


example, cytochrome c, a protein in- 
volved in cell metabolic processes, is 
identical in chimp and man. Even 


stranger is that the amitio acid se- 


quences of the cytochrome c found in 
bacteria, spinach, horses, and chimps 
show small changes from one speci¢s to 
another that correlate well with the se- 
quence of appearance of similar organ- 
isms in the fossil record. The genetic 
code itself is the same for all known 
forms of life. The nucleotides that 


| form the four letters of the code could 





easily have been different from one 
species to another, but they are not. A 
coincidence of special creation, or evi- 
dence of common origin? 

Evolution is not only inferred; it has 
also been observed, in the laboratory 
and in the freld. The fantastic variety 
of dogs—all with common wolflike an- 
cestors—is an evolutionary respons¢ to 
continued human selection pressure. 
Likewise hundreds of entirely new 
plant species, from tulips to domestic 
corn, have appeared within the span of 
human history. We value domestic 
corn, the third most important crop in 
the world, for its large sweet seeds. But 
the seeds of Zea mays cannot detach 
from the cobs to sprout naturally with- 

















out human intervention. Our ancestors 
must have guided—forced—its evolu- 
tion; in an environment without man, 
this species would be extinct in one 
yéar. If evolution is experimental fact, 
where does that leave the claim of inde- 
pendent creation? 

Biologists have no doubt that evolu- 
tron occurred. They even know what 
drives it: the growth of any population 


of organisms beyond the ability of the — 


environment to support them, the ap- 
pearance of organisms that have novel 
genetic traits, and the greater growth 
of some of those variant organisms 
leading to changed populations over 
time~—the process known as natural se- 
lection. But biologists are still debating 
the details of how it occurs. The theory 
of evolution, like any other scientific. 
theory, ts being continually revised 
and refined. | 

For example, one focus of debate at 
the mofnent is the rate at which evolu- 
tionary change occurs—how gradual 


or how sudden is the appearance of | 
new species? Another concerns the rel- _ 


ative importance of several different 


mechanisms by which new genetic com-_ 
_ binations and new biological traits are 


formed—how did such novel and 


complex structures as the eye or the 


mammalian uterus arise? And how do 
genetic changes actually translate 


themselves into a new anatomical 


form? Scientific meetings on these sub- 


jects often generate great disagree- — 
ments. These disagreements have been - 


misrepresented to the public by crea- 


tionists as evidence that the theory of 
evolution is in doubt. On the contrary, 


they are evidence that what is going on 
is the pursuit of science and not the 
shoring up of dogma. 


itably, are tentative an- 
swers to questions about 
nature. And they incor- 
porate an element of 


pacity of people to know, not to the par- 


ticular theory or object of study. As — ) 


new facts or new perceptions of nature 
emerge, scientific theories change too: 
sometimes subtly, as modern evolu- 
tionary theory has changed from Dar- 
win’s version; sometimes dramatically, 


as from Newton’s theory of gravity to 


that of Einstein, This characteristic of 
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faith that nature is con- 
sistent and can be described. But the © 
faith extends only to the intrinsic ca-_ 
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continually revising ideas to reflect the 
world as it is observed is what makes sci- 
ence science. 

In contrast, the creationists start 
with a “theory” or faith in a particular 
- description of nature drawn not from 
observation but from the Bible. To 
argue—as the creationists do—that a 
theory must be true rather than that 
the evidence compels one to it as the 
best choice is fundamentally antitheti- 
cal to science. To be unwilling to revise 
a theory to accommodate observation 
is to forfeit any claim to be scientific. 
For it is not facts or theories that are es- 
sential to the growth of science but 
rather the process of critical thinking, 
the rational examination of evidence, 
and an intellectual honesty enforced by 
the skeptical scrutiny of scientific 
peers. By these standards creationism 
is not science. Indeed, creationists do 
not participate in the scientific enter- 
prise—they do not present papers or 
publish in scientific journals. And it is 
precisely because creationists present 
themselves as “scientific” that they do 
most harm to the educational system. 

As for teaching evolution in the 
schools—it is ironic that we live in the 
midst of an epochal revolution in biol- 
ogy, yet schoolchildren cannot learn 
one of the subject’s most fundamental 
organizing principles except behind 
closed doors or under clouds of contro- 
versy. It is perhaps worth pointing out 
that the last society to prohibit the 
teaching of Darwin in the classroom on 
a large scale was what the fundamen- 
talist preachers often refer to as “god- 
less, atheistic communism’”—the Soviet 
Union under the sway of Lysenko. 
There, too, the objection was that Dar- 
_ winian evolution seemed to contradict 
dogma, and for 30 years it set back So- 
viet biological science, especially agri- 
culture, at great cost to the Russian 
people. The parallel should give the 
| creationists cold comfort—stranger 
bedfellows than the creationists and 
the commissars cannot be imagined. It 
should also be adequate cause for 
alarm among all citizens who see the 
dangers in attempting to explore mat- 
ters of science—either in the lab or the 
classroom—on the basis of doctrine 
rather than free and critical inquiry. [§ 


Lynn Margulis, a micro- and cell biologist, 


is professor of biology at Boston University. 
Allen Hammond, a geophysicist and applied 
mathematician, is editor of Science 81. 
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Continued from page 54 

state legislatures across the country. 
Some Arkansas citizens, including 

Jewish, Catholic, and Protestant reli- 

gious leaders, have challenged the con- 

stitutionality of the equal time law in 

federal court. But even if their suit suc- 


ceeds, the creationists will have scored 


a propaganda victory by establishing 
that a dispute exists involving evolu- 
tion and creationism. If such a contro- 
versy reaches the courts, there is a 
tendency to assume that each of the 
competing viewpoints must be taken at 


_ least somewhat seriously, and this is 

true despite the fact that what will be 
_ argued is a social dispute, not a scien- 
_ tific one. What is unlikely to be clear 
_ from the news accounts is that no such 
- scientific dispute exists, and none has 
_ existed since the end of the 19th cen- 


tury. When Thomas Henry Huxley de- 
molished the creationist arguments of 
Bishop Samuel Wilberforce in 1860, 
one year after the publication of 
Charles Darwin’s Origin of Species, he 
was speaking for most of the scientists 
of his day. As evidence accumulated, it 
became increasingly difficult to find a 
reputable scholar who did not accept 


_ evolution as an accurate model of how | 
life developed, solid in outline al- 
_ though still to be worked out in some of 


its details. 

The tactics and political clout of “sci 
entific” creationists notwithstanding, 
no university in the country, except for 
sectarian colleges run by fundamental- 
ist churches, would hire a biologist or 


_ anthropologist who admitted that he 


believed that the stars, the Earth, and 
all living creatures were created by God 
in six days, 10,000 years ago. The issue, 
of course, is one of professional compe- 


tence, not religious tolerance. And al- 


though fundamentalists invariably de- 
scribe their scientific adversaries as 
godless “secular humanists,” evolution- 
ists seem to be as varied in their reli- 
gious preferences as members of any 
other professional group. 

University scientists have ended un- 
til recently to brush aside the creation- 
ists as laughable. A leading creationist, 
Dr. Duane Gish of San Diego’s Institute 
for Creation Research, told me re- 
cently that he advises students who 
plan scientific careers to keep their 


views on the six-day creation to them-, 
selves, “otherwise they won’t be hired, 























| 


won't be promoted.” 

Fine, except that it will not be the 
chairmen of university biology and ge- 
ology departments or the editors of sci- 
entific journals who decide in the end 
how much damage the creationists are 
able to cause in our educational system. 
That decision is being made now by 
local voters who are dragged into text- — 
book disputes, by embattled state 
boards of education, and by a few 
judges. It is likely that most of them, . 
like most of the rest of the population, 
have only vague notions about modern 
developments in evolution and 
scarcely more comprehension of how 
scientists go about their business of try- 
ing to understand the world. 

Thus when creationists claim to be 
scientific, and have doctoral degrees to 
prove it, their claims are likely to be ac- 
cepted. When they say that evolution is 
“only a theory,” the truthful but decep- 
tive statement will be taken to mean 
“only an educated guess,” because that 
is what “theory” means in casual 


_ speech—whereas legitimate scientists 
_ use the word to mean a generally ac- 
_ cepted idea, supported by preponder- 
_ ant evidence, that describes and pre- 


dicts conditions in the natural world. 
When religionists demand that their 
religious stories of creation be given 
equal time with the evolutionary story 
in science classes, this is likely to be seen 


_ not as an intrusion of sectarian dogma 


into the lives of free citizens and of reli- 
gious myth into science, but as a rea- 


_ sonable request for fair play. 


How matters reached this state is 
worth some consideration. Most peo- 
ple seem to assume that the dispute was 
settled by the Scopes “Monkey Trial” 
back in 1925. It should be noted, how- 
ever, that actually the legal result of the 
Scopes trial was that Tennessee’s anti- 
evolution law was upheld. In fact, it was 
not until 1967 that the law was re- 
pealed, after another Tennessee high 
school teacher, Gary Scott, was dis- 
missed for teaching evolution. | 

A year later the U.S. Supreme Court 
declared an Arkansas anti-evolution 
law unconstitutional; Mississippi re- 
_ pealed a similar law asa result, and that 
seemed to be that. The decision 
_ seemed quaint but not especially im-. 
portant, like the news earlier this year 
that the Vatican is cautiously reconsid- 
ering Galileo’s heresy. We were, after 








= 
ie FF 
a 
ie: 
tr = 
eT 
apart: 
So 
feel 3 
Reise 
253 Wire 
Er 
weet 
om 
Er, 
BG 
J 
es 
tat] 
ae 
ey 
2) 
yes 
3 

4 
ei 
zd 
e 
in| 
J 
7 teal} 
S| 
: 


See 
aces ae 


(hae tone eee oes 
eer os oe ith £3 
paves) Midas oe ty ee 


_* 


+ 7 < 
PA eS RE ty oC sea eel Ta ao a te Ac A Na RS a bar. Sed akg ren year Hh Fy p8leehs Ps Lvs gee RIA 


Rese oat EMME cay 


Bie EM ISE 2 ZN SAD ep Dea 7) x 
aa PEL pe Tans Se cairn 
a MEeLetT eS Lae eet maa 


Asi 


eS 
Ss 














all, well into the third quarter of the 
20th century. Watson and Crick had 
deduced the configuration of the DNA 
molecule, and bright schoolchildren 
could give an accurate summary of 
their explanation. The courts might 
smile or grumble, but the theory of ev- 
olution appeared to be prospering. 


his supposition was not en- 
tirely accurate, however. 
Some of the same bright 
schoolchildren who knew all 
about DNA had only the 
foggiest idea of modern 
thinking about evolution, for the excel- 
lent reason that what they had been 
taught ranged from nothing to not 
much. There had been little public ar- 
gument about evolution in the four 
decades that followed the Scopes trial, 
partly because public schools had shied 
away from the subject. Even in school 
districts where the disapproval by fun- 
damentalists was not an important is- 
sue, the vague sense that evolution was 
controversial was enough to insure that 
only brief and tentative treatment 
would be given to its concepts. Text- 
book houses, aware that school boards 
were much more likely to object to too 
much evolution than to too little, 
_ hedged or ignored the subject. Science 
teachers sometimes found it conven- 
ient to skip ideas that could only get 
them in trouble. Charles Darwin had 
first published his theories on evolu- 
tion in 1859, but as Dorothy Nelkin, a 
Cornell scholar who studies social dis- 
putes involving science, wrote in 1976, 
“One hundred years after the theory of 
evolution by natural selection was 
firmly established, it was still not an in- 
tegral part of the public school curricu- 
lum.” Another five years have not 
changed things. — 

What had happened was that the 
gap between science and the general 
public—even the ‘general college- 
educated public—had widened dan- 
gerously. Scientists often seemed un- 
concerned with narrowing the gap. 

- This was true in many disciplines, of 


course, but the predicament of biology: 


and its necessary spinal cord, evolu- 
tion, was a special case. Physics and 
chemistry also were poorly taught in 


high schools and dimly understood by 


laymen. But physics led to rockets and- 


nuclear power, and chemistry pro- 
duced Dacron and nerve gas, and al- 
though a citizen might resent the scien- 
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‘The impact on educ: 























Seventy-six percent of Aniericas 
public high school students graduate 
without any science course at all or 
take only one—biology. The rising 
creationist movement is having a 
substantial impact on this aiready 
slender educational base. 


LEGISLATION Two states, Arkan- 
sas and Louisiana, have passed bills 
into law that require “equal time” 

for creationist views in the class- _ 
room. Both laws go into effect in the 
1982- 63 school Ae and both ae 








materials, brat neve afd edu- 
cational programs that deal in any 
way with the subject of the origin of 
man, life, the Earth, or the universe. 
Similar bills have been introduced in 
at least 18 states in the past year. 


TEXTBOOKS In the last decade, 
many textbooks have been revised to 
reduce the amount of space devoted 
to evolution and to present the sub- 
ject in more tentative terms. The 
1977 edition of an Otto and Towle 
text reduced word coverage of evo- 
lution by a third over the 1973 edi- — 
tion. The index of a 1979 text by 


tists who produced these marvels as an 


arrogant and frightening elite, he 
could not easily pretend that his opin- 
ion in technical matters was as good as 
theirs. Biology was another matter; 
people whose world was threatened by 
free intellectual inquiry and by the in- 
dependent authority of science in par- 
ticular could set their faces against the 
ruling precepts of biology without hav- 
ing the absurdity of their contrariness 
made evident every time a jet plane 
flew over. Down-home religion could, 
in a symbolic way, take a stand against 
everything that was alarming in the 
20th century—‘godless, materialistic 
humanism” and “liberal relativism” 
summed it up—simply by refusing to 
swallow evolution. If God didn’t create 
the world in six days of 24 hours each, 
why did He tell us in Genesis that He 
did? (Some creationists believe that the 
six days of Genesis really were six ages, 


but the most numerous and most con- 


tentious regard the “day-age” theory 
with loathing and believe that Genesis 
means exactly what it says.) 

In the meantime, the creationists 
themselves had changed. As sociologist 


1977 included material 

sis account of creation. 

mention divine creatior 

them a 1974 Smallwood < 
text and a 1980 Houghto 
text. Three Harcourt B 
texts omit mention of Char! 
win entirely. One also exc ud 
index entry, “evolution,” tho 
subject is covered in the te: 
CLASSROOM Educational auth 
ties report that changes in texts a 
usually reflected in the classroom 
treatment. In one Wisconsin high 
school, evolution is simply avoided 
as being too controversial. In Tex 
some school districts teach creatio 
ism along with evolution, and as 
requirement that evolution be 
taught as only one of several : 
ble theories resulted in stic 
that effect in all textbool 
teachers report hundi ds 
examples from all ove 


Nelkin observed (her book Science Text- 
book Controversies and the Politics of Equal 
Time is a starting point for anyone who 
wants to study the phenomenon), a 
new development among fundamen- 
talists is not only that a fair number of 
them are well educated but that they 
work in jobs related to science and tech- 
nology. She found a good many of 
these believers in California, not, per- 
haps, because the state attracts cults, as 
easterners tend to assume, but because 
the aerospace and computer indus- | 
tries, among others, employ vast 
numbers of technicians there. Such 


launched-again fundamentalists are 


quite at home with the language and 
the products of technology and do not 
consider themselves to be hostile to sci- 
ence. Nor are they hostile, until scien- 
tific inquiry begins to question some 
holy unquestionable. The watertight 
compartments that separate profes- 
sional and religious beliefs in their 
minds are strongly built, withstand 
enormous pressure, and can function 
in astonishing juxtaposition. It is quite 
conceivable, for instance, for a scien- 
tific creationist to work effectively as an 
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oil geologist and at the same time to 
cherish the certain knowledge that the 
oil he seeks is the product of organic 


matter deposited during Noah’s flood,’ 


about 6,000 years ago. No contradic- 
tion is perceived here. 

The scientific creationists have been 
on the scene for something more than 
a decade now, and it is clear that their 
obduracy is not the result of insuffi- 
cient education. It is a resolute, struc- 
tured ignorance, maintained by choice 
and against odds. Their own scientific 
training is in conflict with their reli- 
gious beliefs and forbids them to say, 
for instance (as one nonscientific south- 
ern creationist told a biology teacher 
whom I interviewed), that the devil put 
fossils in rock to tempt man to doubt 
the Bible. They must find “scientific” 
reasons for the scientifically unrea- 
sonable, and by heroic twisting of 
evidence, they do. Fossils, radiation 
dating, evidence that what are now 
mountaintops once were sea bottoms— 
all these are shown to support the Gen- 
esis account of creation and the very 
recent origin of the universe. Their 
system of belief resists unwanted infor- 
mation. If researchers discover, for in- 
stance, that a chimp’s blood is similar in 
genetic makeup to a man’s, and that a 
rhesus monkey’s is less similar, and that 
a dog’s is still less similar, these facts do 
not suggest an evolutionary relation- 
ship. To a creationist, the case is clear: 
If God, an efficient craftsman, sets out 
to make a creature similar to man, He 
will of course use similar blood; and if 
He makes a less similar creature, He 
will use less similar blood. The five- 
digit hand common to primates proves 
only that the design was a good one and 
God saw no reason to waste it. He could 
have given chimps seven digits and 
man six, but what would have been the 
point of that? 


nonbeliever can become 

so fascinated with the cre- 

ationists’ scientific absurd- 

ities that he neglects to 

ask why they are con- 

ducting such a desperate, 
wagons-in-the-circle defense of the lit- 
eral truth of Genesis. There is a clue in 
a book called Scientific Creationism by 
Henry Morris (Creation Life Publish- 
ers, San Diego). The passage seeks to 
show why God would not have chosen 
evolution as an instrument of creation: 
“Evolution is inconsistent with God’s 
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personality. If man in His own image 
was the goal of the evolutionary pro- 
cess, surely God would not have waited 
until the very tailend of geologic time 
before creating personalities. No per- 
sonal fellowship was possible with the 
rocks and seas, or even with the dino- 
saurs and gliptodons [sic]. 

“Evolution is inconsistent with God’s 
omniscience. The history of evolution, 
as interpreted by evolutionary geolo- 
gists from the fossil record, is filled 
with extinctions, misfits, evolutionary 
cul-de-sacs, and other like evidence of 
very poor planning. The very essence 
of evolution, in fact, is random muta- 
tion, not scientific progress. 

“Evolution is inconsistent with God’s 
purposiveness. If God’s purpose was 
the creation and redemption of man, 
as theistic evolutionists presumably be- 
lieve, it seems incomprehensible that 
He would waste billions of years in aim- 
less evolutionary meandering before 
getting to the point. What semblance 
of purpose could there have been in 
the hundred-million-year reign and 
eventual extinction of the dinosaurs, 
for example?” | 

Thinking of this kind is as old as fun- 
damentalism itself, but when the Su- 
preme Court made it clear in 1968 that 
laws forbidding the teaching of evolu- 
tion were flatly unconstitutional, crea- 
tionists needed new tactics. The propa- 
ganda gimmicks they developed were 
well thought out. After decades of 
doing their best to insure that argu- 
ments in favor of evolution were not 
heard in the schools, the scientific crea- 
tionists turned instead to a plea for 
fairness. Teach evolution if you wish, 
they said. It’s a free country, and all 
ideas should be listened to. But give 
creationism equal time in the science 
classrooms. Present the evidence for 
both sides, and let the students decide. 
Fair is fair. 

It is true that creationists themselves 
stopped short of fairness, in that they 
did not begin to teach evolution in their 
own schools and colleges. But they 
pushed it in the U.S. Congress, state 
legislatures, and school boards. Letter- 
heads rang with high-mindedness: 
“Committee on Openess [sic] as a Prin- 
ciple of Science,” “Citizens Against Fed- 
eral Establishment of Evolutionary 
Dogma.” Good, conservative citizens 
found nothing to object to in the fair- 
ness argument, and two summers ago 
in Dallas, candidate Ronald Reagan 





told an audience of church leaders that | : 


evolution was “theory only,” which has 
“in recent years been challenged in the 
world of science.” He added that “if it is 


going to be taught in the schools, then I 


would think that also the biblical 


theory of creation, which is not a. 


theory but the biblical story of creation, 
should also be taught.” | 
The creationists’ cleverest propa- 


ganda effort has been to claim that 
there is no difference between their in- | 


tellectual posture and that of evolu- 


tionists. Their own ideas are based on 
faith, yes, but so, they say, is evolution.. 
Neither God’s busy six days nor the de- 
scent of large-brained hominids from 
the African trees can be repeated in a 
laboratory, they argue, and neither was | 


observed by anyone now alive. There- 
fore evolution, like creationism, is at its 


basis not a scientific conclusion but an | 
irrational religious belief, a “secular re- 


ligion.” Some of the creationists go on 


to say that forcing public schoolchil-. 


dren to study the “humanistic religion” 
of evolution violates the constitutional 
separation of church and state. 


or some time the creationists 

have been allowed to stay on 

the offensive. A disinclination 

to get engaged in a meaning- 

_ less debate has kept most peo- 

ple from fighting back. A dose 

of Menckensian scorn may now be in 








order, and no one has expressed a sci- . 


entist’s exasperation better than John 
A. Moore, a professor of biology at the 
University of California at Riverside. If 
schools are to give equal time to crea- 
tionism, he says, then what, exactly, will 
be discussed in the creationists’ half of 
the lecture period? 

“If the account of creation being dis- 
cussed is given in the Bible,” he sug- 
gests, “one has to evaluate the source, 
just as one is bound to evaluate the data 
of paleontology, genetics, etc., when 
dealing with biological evolution.” 
Since Genesis is the entire source—‘a 


factual presentation of simple histor- 


ical truths,” as creationists have said— 
its verses must be examined carefully. 
But which Genesis account is accurate? 
As Biblical scholars have long realized, 


there are two. The first is from Babylo- | - 


nian sources mixed with Jewish ac- 
counts, and it specifies a six-day crea- 
tion and says that plants and then 
aquatic animals and birds were created 


before reptiles, mammals, and man. 
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The second, from ancient Hebrew 
sources, does not mention six days but 
clearly states that man was created be- 
fore plants, wild animals and birds 
after plants, and woman last of all. 
These simple historical truths turn 
out to be fairly complicated, Moore 
notes. And since we are dealing with 
equal time in a biology course, the sci- 
entific creationist position on Noah’s 
flood is important. By what route, 
Moore asks, did all the animals (includ- 
ing the giant earthworms of Australia, 
whose nervous systems would seem not 
to have been complex enough for the 
task) get to the Middle East to board 
the ark? How did Noah obtain plants or 











_ There are several major creation- 


ist lobbying groups in the United 


States, but the most effective is the 
Institute for Creation Research in 
San Diego. The institute is well 
financed—its officers admit without 
bashfulness to a budget of about 


$650,000 a year—and it occupies 


handsome quarters in a sizeable 


modern building on the campus of a 


fundamentalist school called Chris- 
tian Heritage College. 


_ Appearance counts at the Insti- 
tute for Creation Research. There is 
less messing about with bones and 


fossils than might be expected at a 


research institute dedicated to ex- 
ploring the origins of life, but there 
is plenty of activity: phones ringing, 
secretaries typing, staff members 
_conferring, stockroom clerks ship- 


ping textbooks, pamphlets, and cas- 


| settes. Letters issue forth signed by 


men with Ph.D. after their names. 
There is an air of confidence about 


_ the place. It looks real. 


“We correlate evidence from Ssci- 
entists in all fields within the crea- 


_ tion concept,” says Duane Gish, a 

| small, quick-moving man of about 

| 60 who wears a neat brown three- 
piece suit. (“They sure do,” says evo- 
_lutionist Wayne Moyer, executive di- 
rector of the National Association of 
Biology Teachers. “Their goal is the 


adjustment of all scientific knowl- 


_edge to fit scripture.”) Gish holds a 
Ph.D. in biochemistry from Berkeley 
and for many years did research for 


Upjohn. In 1972, with Henry Mor- 


ris, a hydraulics engineer and the 
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_ their seeds from areas distant from the 
site of the construction of the ark? How 
could the roughly two million species 
of organisms known to inhabit the 
Earth, including terrestrial, fresh 
_water, and marine forms, plus food to 
last for about a year, be domiciled in an 
ark which we are told was about 150 
meters long, 25 meters wide, and 15 
meters high? Since this is acourse in sci- 
ence, he notes, magical explanations 
may not, of course, be offered. 

Such questions are in one sense irrel- 
evant because what is really in dispute 
is the effort of an aroused religious 
_movement, whose leaders have made a 
deity out of a book, to make the larger 
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society bow down before their totem. 
Moore’s approach—a vigorous coun- 
terattack by the nation’s scholars—will 
not drive the creationists to abandon 
their ideas. But it will certainly reas- 


_ sure those parents, school board mem- 
_ bers, state legislators, and judges whose 


intelligence leads them to suspect that 
what they are hearing from the crea- 
tionists is nonsense. The short answer 
is, yes, you're right, it is nonsense, and 
we are under no obligation to teach it in 
our schools. [S] 





John Skow, a free-lance journalist, has been 


a Time contributor for 25 years, with more 
than a dozen cover stories to his credit. 





t do the creationists say? 
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author of Scientific Creationism, he 
_ founded the institute. 

Gish recites calmly and reasonably, 
in well parsed paragraphs, a long 
list of contradictions that creation- 
ists have detected in evidence cus- 
_tomarily thought to support evolu- 
tion. Not once in nearly three hours 


-| does he mention God or cite scrip- 





ture. “Fossils are one of our main 
evidences for creation,” he begins. It 
_is an impressive performance, deliv- 
_ered without a fluff, and it is easy to 
_see why Gish can confound unwary 

' evolutionists in debate. He leads 
_with the customary creationist asser- 
tion that the fossil record shows no 
transitional forms whatsoever, that it 
is a record of gaps. 

But modern evolutionary thought 
takes the view that a species may 
change slowly or not at all for very 
_long periods, then alter quite rap- 
idly in fringe populations cut off 
from the main group and exposed 
to different conditions, and then, if 
the new form is successful, settle 
down again to another long period 
of stasis. If change occurred quickly 
and involved small numbers, the sta- 
tistical chance of transitional types 
being fossilized and then discovered 
_would be relatively small. There 
should be gaps in the fossil record. 

But now Gish has moved beyond 
the fossil record argument and on 
to others. Meteoritic dust settles on 
the Earth and the moon at a mea- 
surable rate, he says; if the solar sys- 
tem really is four and a half billion 
years old, it has been calculated that 
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both of these bodies should be 
buried under 182 feet of the stuff. 
Also, radiometric dating methods 
that seem to show that fossils are 


_ millions of years old are useless, says _ : 
_ Gish, because there is no way to be 


- sure that radioactive material has 


not been contaminated in some way. 
Gish has now orbited to the prob- 
ability argument. The odds are 


_ more than astronomical, he says, 








quoting lots of numbers, against the 
possibility that molecules could as- 
semble themselves in a random fash- 
ion to make anything so complex as 
an amino acid, and that the right 


_ amino acids could then happen to 


cohere in the right order to make 
genetic material, and that... 
Gish and his colleagues are also 


_ fond of invoking the second law of 


thermodynamics, accusing evolu- 
tionists in tones of horror of being 
second-law-breakers. “No isolated © 


_ system can start in a state of disor- 


_ der and become ordered,’ he says. 








Gish’s arguments were long ago 


| put to rest, after being heard and re- 
_ heard for decades. But he and his 
colleagues have managed to revive 


them by giving the impression that a 
scientific controversy exists between — 
creationism and evolution—that we _ 


are at one of those pivotal periods 


when half of the country’s learned oo 


men believe the Earth is flatand the _ 


other half are sure it is round—and 


this provides a basis for selling their = : 


equal time argument to state and ~ 


local boards of education. What is at 


stake is how the people of the — 


United States look at science in the : . - 
next decades and what they teach 
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their children. 
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hile the rest of the 
world dabbles in geo- 
thermal alternatives, 
Iceland is harvesting 
its volcanic power crop. Thirty per- 
cent of the country’s total energy 
and 70 percent of its space heating 
is supplied by geothermal sources. 

For the first time in their 1,100- 
year history, Icelanders have 
begun, as their saying goes, “To 
think well of the glowing embers.” 
Primitive geothermal paybacks, 
such as hot-spring bathing and 


laundering, were not much COMm- In the Westmann Islands town of 
pensation for volcanic eruptions. = Heimaey, left, off the southern coast of 
But now geothermal energy is Iceland, steam rises from the lava 
being used to heat homes, produce _ fields. Seawater is poured on molten 
electricity, and power industrial lava to produce the steam that heats 90 
plants, and Icelanders are mining _ percent of the town’s houses. The 
the mineral residues brought up in Gyjastykki Plains in northern Iceland, 
volcanic steam. top, home to many of Iceland’s 

The Mid-Atlantic Ridge bisects  8¢2thermal projects, has been plagued 

by volcanic eruptions since 1975. The 
Iceland from southwest to north- 
region perches on the Mid-Atlantic 

east, etching a volcanic belt cover- 


Ridge, but it had not felt eruption for 
ing one-third of the island. Erup- the prior 250 years. Above, steam is 


tions occur 10 to 20 times a year. used to dry diatomaceous sediments 
Icelanders have traditionally made _ used to make a filtering agent for 
use of the hot water produced by _ beer and wine production and 

the belt, but since 1928 the springs swimming pools. 

and fumaroles have been pushed to 

fuller capacity. Twenty-eight towns, 

including the capital Reykjavik 

where more than half the 226,000 

Icelanders live, heat their homes di- 

rectly with water from.hot springs. 
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Icelanders have used their geothermal 
resources for bathing, washing clothes, 
and steam-baking bread. At right, 
Sigurjon Hauksson, a baker in Hvera- 
geroi in southern Iceland, tends bread 
in his hot-springs ovens. Above, school- 
children pass through a lava field in 
Hverageroi, undismayed by signs warn- 
ing of geysers. Hot springs, fumaroles, 
and geysers support a successful 
greenhouse industry here. 
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On a hillside near the Kisilidjan Diato- 
mite factory, left, villagers extend their 
growing season by gardening in the 
rich volcanic soil that lies between the 
hot springs and the snow. In the capital 
city of Reykjavik, above, Iceland’s 
largest swimming pool is heated by hot 
springs. The city taps 140-degree 
Fahrenheit spring water from deep 
wells and pipes it into 99 percent of the 
homes and offices, providing a simple 
solution to the heating problem. 





Of Iceland’s several geothermal 
projects, the Krafla Geothermal 
Electric Power Plant, right, comes 
closest to mining volcanic fires. Its 
location in the heart of an active 
earthquake and eruption zone— the 
plant began operating in 1974, 
earthquakes struck in 1975—has been 
only one of its problems. Steam of the 
necessary pressure and temperature 
has been elusive. The plant’s total 
output is 4.5 megawatts, enough to 
power 19,000 homes; a 60-megawatt 
output was expected. 
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This geothermal plant on southwest Ice- 
land’s Reykjanes Peninsula, left, is the 
first to combine direct home heating 
with electric power production. The 
facility heats seven communities and an 
American NATO base, and it produces 
eight megawatts of electricity. Waste 
steam from the power production heats 
cold well water in heat exchangers to be 
used for home heating. A briny runoff 
from the steam pressure separators (the 
towers in the background) leave soggy 
silica-calcium deposits, foreground. 
Above, a traditional Icelandic 
farmhouse contrasts with the NATO 
radar towers in distance. 
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didn’t mind when I heard a 

group of Bushmen approach- 

ing my tent, for although I had 

been trying to sleep for more 
than an hour, thunder and wind 
had kept me awake. Events of the 
day had also been occupying my 
mind, making it difficult to relax. 
A disagreement between two of the 
Basarwa, or Bushmen, at our camp 
on the Nata River in Botswana had 
led to a series of fights, each more 
serious than the preceding. As 
usual, the truck wasn’t working, 
and I spent most of the day under- 
neath it, competing with biting 
ants and scorpions for the cooler 
sand there. The crowning event of 
this otherwise dismal day occurred 
when a cow belonging to one of our 
employees, Ellison, broke through 
the thorn tree barrier around the 
mouth of the well we had dug in 
the dry riverbed. Frantic for water, 
the animal had tumbled down the 
steep, 15-foot embankment and be- 
come mired in the wet dirt at its 
bottom. Not only was the well se- 
verely damaged and in need of re- 
digging, but the cow seemed un- 
able to move. Five men pulling ona 
thick rope attached under its rump 
couldn’t budge it, and we feared 
that it may have broken a leg. A cow 
is valuable, however, and as the sun 
began to set, we decided to let the 
animal stay where it was in the hope 
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For the Kalahari Bushmen, even a small 
calamity can be the occasion for happiness. 
































that it might recover by morning. 

“Manyakinyaki!” It was Josias 
who now called my name. Manya- , 
kinyaki is Setswana and translates’ 
roughly to “he who walks oddly,’ a 
name given me only a few days 
after I arrived on the Nata River. 
Ever since I was young, my feet 
have left splayed-out tracks, and 
Bushmen are keen observers of 
tracks. Some nicknames given by | ~~ 
Bushmen to other Bushmen are far - 
less complimentary, so I didn’t 
mind Manyakinyaki. 

“Hyenas have come to eat the 
cow. You are the only one with a 
torch.” It was true—the flashlights 
that I had passed out had all been 
traded for other goods or were 
without batteries. And the only 
way to frighten hyenas, according 
to Bushmen, is with an electric 
torch. I pulled the light out from 
under my damp pillow and began 
searching for my pants. As I 
emerged from the tent and stood 
up, the first fat raindrops splat- 
tered against my face. I took th 
lead and, followed by a group of 
Bushmen that had swollen to nine 
or ten, crossed the darkened camp 
to awaken the other Americans 
who were there doing research 
with me. They hadn't slept any bet- 
ter than I, and soon we were walk- 
ing down the narrow trail to the 
river. The cries of the hyenas could 
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be heard above the wind whistling 
high in the upper stories of the jun- 
gle, but as usual with hyenas it was 
difficult to tell from where these 
cries came or from how far away. 
Often, during the night, one hears 
hyenas that sound miles away only 
to find the camp dotted with their 
tracks in the morning. I switched 
the flashlight off to conserve bat- 
teries as we neared the riverbed. 

The moon was full and only 
partly obscured by clouds. The 
dark cone of the well lay ahead, and 
as we approached it, one of the men 
produced a rope. Ten of us were 
_able at last to lift Ellison’s cow from 
_the well, but as we did so, it was ap- 
_ parent that the animal was weak 

and that at least one leg was indeed 
broken. Ellison broke into tears. 

I shone the flashlight up the 
river, and all were silent as we 
counted 20 or 25 pairs of shining 

xyes about a hundred yards away. 

enas, standing almost three feet. 

the shoulder and having jaws 

ble. of crushing the largest 

s, are to be feared, and the 

ny stories about these predators 

ringing down full-grown cattle or 

tearing away the faces of sleeping 
en came to my mind. 

“My mother’s cow! I will be dis- 
owned!” cried Ellison, adding a 
new dimension to the tragedy. “We 
must save the beast.” Other men 
advised me in lowered voices that 
there was no way that this could be 
done. The cow would have to be 
_ slaughtered where it lay. Ellison 


ered a killing blow to the cow’s neck 
with an axe, and as the beast gave 
its last cry I could hear Ellison begin 
to wail as well. 

Ellison soon returned and, al- 
though almost broken by the inci- 
dent, began to distribute the meat. 
“You have helped butcher my 
mother’s cow, and I give you this in 
thanks,” he screamed into the wind 
and rain as he heaped my out- 
stretched arms with yards and 
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yards of sand-covered small intes- 
tine. Other men were similarly 
loaded with different portions of 
the cow, and Ellison and several 
close friends bent their backs to 
carry larger sections of meat. Only 
the stomach contents and a pool of 
blood were left as we began our 
trek back up the riverbank. 

In camp, we heaped the meat in 
the caged back of our truck for pro- 
tection from the scavengers now 
busy by the well, and a fire was built 
with difficulty, using damp wood 
and fighting the high wind. The 
small intestines I had carried from 
the river were placed directly on 
the burning branches and several 
minutes later distributed to those 
standing around and shivering. 
They tasted like strips of boiled 
leather mixed with feces and sand, 
only worse. I made excuses to re- 
turn to my tent, and as I drew away 
from the fire Sele, Ellison’s uncle, 
threw his grimy arm around me. 

“Will you sleep? Come back and 
eat first, and we will dance.” 

“IT won't. This has been a terrible 
day and a terrible night, and I am 
very tired. Everyone else must be, 
too,” I replied. 

“No! See, we have a fire and we 
have meat. We are happy!” 

As I walked back to my damp 
tent, I could see little reason to be 
happy. Here I was, an anthropolo- 
gist in a strange country, faced with 
a difficult question: What and why 
is happiness? Are there broad, un- 
derlying real-world reasons for 
Bushmen to be happier than I in 
such situations or generally? Were 
these people really not happy at all 
but just telling me what they thought 
I wanted to hear? The anthropolo- 
gist, like any other scientist, asks 
questions like these when he is un- 
satisfied with obvious explanations 
of what he sees. 

Botswana, which lies landlocked 
at the center of the southern tip of 
Africa, is an arid to semi-arid coun- 
try and hosts one of the free black 
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and along its margins. Prehistori- 
cally, at least 10,000 years ago and 
probably considerably longer, the 
hunting-gathering Bushmen in- 
habited most of southern Africa, 
and early colonists in South Africa 
in the 1500s were beset by these 
physically distinct, people with their 





: ir 

tightly organized mode of life 

the centuries immediately before 
the beginning of the Christian era. 
This is acommon scenario in many 
places where sparsely populated 
marginal land favorable to little 
more than hunting and gathering 
lies near the homes of more materi- 
ally advanced peoples: The hunter- 
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nter into social inter- 
their neighbors; trade 
ods, meat, and labor for the 
ducts of civilization that they 
bly desire; and in most 
, adopt customs, values, and 
nology from their settled 
. Such appears to have 
case with the Bushmen of 
ahari Desert. As cattle herd- 
nd, later, Europeans spread to- 
rd the interior of southern 
Tica, the Bushman’s environs 
ink into less and less attractive 
tats, the places where he still 
today. 
result, what we know of the 
hmen and their lives comes 
ugh the writings and stories of 
ropologists. Describing and 
-explaining the behavior of such 
© people is difficult, for anthropolo- 
_} gists must generalize from the ob- 
4... served actions of individuals and 
| Barresent these as a coherent 
“whole. There are problems with 
this approach, as well as rewards. 
On one level, all individuals act dif- 
ferently; on a higher level, condi- 
tions from place to place vary, and 
so does the behavior of different 
groups of Bushmen. A generaliza- 
| tion about all of these people can 
only present a partial, idealized 
truth. Nonetheless, anthropolo- 
gists working with Bushmen (in- 
| cluding, I admit, myself) have at 
times gone beyond the idealized to 
the romantic in their depictions. 
| The anthropological literature 
' dealing with the Bushmen is a com- 
bination of intriguing mystery, ex- 
| citing and anachronistic subsist- 
ence and social strategies, and pure 
} mythology promoted at least par- 
i tially to perpetuate a “good story.” 
| Early anthropologists used the 
| Bushmen as an example of the al- 
most unbearable danger and hard- 
| ship faced by the hunter-gatherer 
a pitted against nature; this fallacy, 
disproved and disavowed by eth- 
nologists in the last decade or so, 
has been replaced by the equally ri- 
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diculous proposition that past and 
present hunter-gatherers have an 
easier time of life than anyone else. 
Another trait that has been ad- 
vanced in the literature as charac- 
teristic of Bushmen, possibly going 
hand-in-hand with their lives of 
ease, is that these people are some 
of the happiest in the world. The 
classical Bushman is ever laughing, 
his face a network of little wrinkles 
resulting from endless smiling. 
While living alongside Bushman 
groups, I tried to assess the nature 
and validity of their happiness but 
from an unusual perspective. Ar- 
cheologists study the consequences 
and general nature of the lives of 
people who for the most part lived 
before our time. But their disci- 
pline puts them in a good position 
to study the living as well. While ar- 
cheologists study objects discarded, 
lost, or stored by people in the 
course of their day-by-day activi- 
ties, ethnologists instead record 
songs, dances, stories, elicited and 


unelicited comments, and acts of © 


behavior (also abandoned or left 
behind by humans). I thought per- 
haps I could combine these two dis- 
ciplines and look at Bushman hap- 
piness as an ethnoarcheologist. 
One probable reason that the 
Bushmen are happy is that they do 
not identify personally with any 
specific occupation or activity. 
Their reaction to our professional 
trespassing into their lives seems to 
uphold this. As we drove through 
the Kalahari, stopping to ask ques- 
tions that would have elicited cer- 
tain violence in the United States 
(What did you eat last night? How 
many daughters do you have?), we 
were uniformly met with friendly 
curiosity. Never were we told to 
leave anyone’s land, and only 
rarely were we asked what we were 
doing. Then their question, “Who 
are your” gave us the opportunity 
to try to explain that we were an- 
thropologists, that we were inter- 
ested in the ways that.people found 


food and lived and behaved, that 
we were from a university in an- 
other country. The question we 
asked after such a laborious expla- 
nation was“... and who are you?” 
Most Bushmen answered: “I am a 
man (woman).” 

This points up another cause of 
Bushman mirth—one which is easy 
for dedicated scientists to overlook. 
Bushmen appear to be happy to 
the anthropologist because when 
the anthropologist is there, Bush- 
men are often greatly entertained. 
At first, for a few months after I ar- 
rived in Botswana, I had recurrent 
doubts about the propriety of my 
behavior. Had I offended some- 
one, or insulted his wife, or embar- 
rassed him in front of his children? 
Were my greasy four-wheel-drive 
truck and vast cartons of ostenta- 
tious canned foods objectionable? 

Soon it became obvious, how- | 
ever, that no specific kind or quality 
of behavior was expected of me 
other than that I would do terribly 
odd things at the slightest provoca- 
tion. People would bring their chil- 
dren to our camp and sit off to one 
side, very quietly telling them to 
watch carefully as one of us would 
work on a carburetor, or type let- 
ters on our portable Olivetti (paus- 
ing to extract moths and flies from 
between the keys), or head off to- 
ward the latrine with a roll of white 
paper in hand (more writing, only 
in secret). For the Bushmen living 
near Our permanent camp, the 
most exciting times of the day were 
at 9 A.M. and 3 PM., when the sun 
angle was right for measuring the 
atmospheric transmission of solar 
radiation with a series of hand- 
held instruments. One critical fac- 
tor in atmospheric transmission is 
the amount of water vapor in the 
air, and as a partial control on this I 
used a small sling psychrometer to 
measure the humidity prior to tak- 
ing solar readings. As I dampened 
the tip of the wet-bulb thermome- 
ter and stepped into the shade un- 
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der the tall mopane trees outside 
the kitchen hut, the crowd that 
gathered each midmorning and af- 
ternoon would become silent. As I 
spun the sling-mounted thermom- 
eters faster and faster around my 
head, their tiny bearings squeaking 
shrilly, the amassed Bushmen be- 
gan to applaud, to cheer, and to 
laugh long and hard. 

This is not to say that the antics 
of the anthropologist do not occa- 
sionally cause concern as well as 
amusement. A persistent theme in 
the literature collected by ethnolo- 
gists detailing Bushman folklore is 
that the praying mantis is the em- 
bodiment of a monotheistic God. 
One day several Bushmen from 
near our camp came to me with 
concerned looks on their faces. For 
once, they were not smiling. 

“We must talk to you—in the 
bush, not here,’ one of them said. I 
followed a short distance from 
camp. “It is about Motalimetzi .. . 
we cannot be silent any longer.” 
Motalimetzi was another of the an- 
thropologists working with us, and 
he had apparently been attempting 
to elicit some ethnographic data 
from these men. “We fear he has 
gone mad,’ I was told by another in 
the group. “He told us today that 
the praying mantis is God.” 

Many forms of Bushman happi- 
ness are fairly straightforward, 
somewhat superficial, and hardly 


-unique to hunter-gatherers. But 


there are deeper reasons, in my 
Opinion, that the Bushmen’s out- 


- look is not the same as our own, or 


indeed that of almost all other peo- 


ples with whom the anthropologist 


is acquainted. These relate to the 
Bushman’s surroundings and how 
he goes about living in them—and 
specifically with the nature of plan- 


ning and prediction. 


The ability of people to predict 
the occurrence of food and other 
resources and to plan on the basis 
of these predictions is a major 
focus of anthropology. The an- 
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thropologist is forced to assume 
that certain patterns of human be- 
havior are adaptive or at least 
workable: Otherwise the group 
practicing them would not survive. 
Indeed, most hunter-gatherers 
exist only in the archeological rec- 
ord. The Bushmen, however, are a 
notable exception to this. 

A possible reason is that the 
Bushmen’s environment, though 
not very predictable, is productive 
enough that the Bushmen do not 
have to predict very much. The 
Kalahari region is covered mainly 
by fire-maintained thorn scrub for- 
est and bush. The distribution of 
plants is reticulate and diverse— 
that is, each type of plant occurs 
again and again through space, al- 
ternating in its distribution with 
other types of plants, so that most 
plant resources can be found al- 
most anywhere. Many of these 
plants, incidentally, have profuse 


- nuts, fruits, and roots which can be 


used by people directly (unlike, for 
instance, savannah grasses). Since 
animals depend on plant distribu- 
tions—or other animals that do—a 
large number of faunal resource 
species are similarly distributed in 
the Kalahari. Animal group sizes 
are small, and small-bodied ani- 
mals predominate. The Kalahari is 
not a paradise, for densities of both 
plants and animals are low. The 
point is that they are distributed 
almost randomly. This makes it dif- 
ficult to predict just what, when, 
and where one might find one’s 
next food item—so difficult it is 
impractical to attempt to do so. 
Contrast this sort of environ- 
ment with one in which resource 
occurrence, location, and type are 
all very predictable. The Arctic or 
tall grass savannahs of East Africa 
are good examples. In these places, 
one is able through prior knowl- 
edge or communication to know 
quite accurately what species are 
available, when they will be in opti- 
mum condition or aggregation, 
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and where they are likely to be 
found. Incidentally, in such envi- 
ronments there are characteristi- 
cally fewer species of both plants 
and animals, and they tend to be 
grouped or clumped more than in 
an unpredictable environment. In 
addition, predictable environ- 
ments are usually far more sea- 
sonal than unpredictable ones. 

Human hunting and gathering 
strategies differ in these two sorts 
of environments. In the less pre- 
dictable setting, it is fairly certain 
that something to eat will come 
along, but it is not definite just what 
it will be. The question of when is 
fairly certain, too: now and again, 
but often not regularly. A hunter- 
gatherer living in such an environ- 
ment must be prepared for and ef- 
ficient at capturing and extracting 
energy from a wide range of spe- 
cies, both plant and animal. He 
must, in other words, be a general- 
ist. Generalists use resources ac- 
cording to their availability, search- 
ing for and exploiting them 
opportunistically. 

The situation in the seasonal, 
simpler, and more predictable en- 
vironment is vastly different. One 
knows exactly what resources will 
occur, typically during a short time 
period when yields must be maxi- 
mized. In this situation the payoff 
lies in being expert at one thing, or 
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a small range of things. Stich a 
strategy can be thought of a§ that 
of a specialist. : 

Bushmen are generalists, and 
much of their behavior and atti- 
tude can, I think, be explained by 
this. Among generalists, there is no 
need for subsistence experts: 
Plants are easy to chase and catch. 
Some can be eaten as they are gath- 
ered, but for the plants that require 
intensive preparation, the labor is 
divided, and everyone, young and 
old, contributes. In other words, 
generalists are more equal, and 
sexual and age egalitarianism are 
conspicuous features of groups 
with such a strategy. This contrasts 
with specialist strategies, where a 
very small number of subsistence 
experts usually account for most of 
a group’s food for the year. Such 
experts, usually men where hunt- 
ing is involved (at least in the pres- 
ent), are the lifeblood of the group 
and always act like it. 

Another difference between 
these two subsistence strategies in- 
volves judging the best place for 
finding food. Since the generalist’s 
environment repeats itself again 
and again, one place is rarely (at 
least predictably) better than an- 
other. Specialists, on the other 
hand, depend on specific resource 
collecting locations which must be 
jealously guarded from year to 
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year. In other words, specialists are 
more likely to have territories and 
the problems of real estate. 

Those who collect virtually all of 
their food supply during a short 
period of time have another sort of 
property, which may be even more 
of a millstone than their land: the 
food itself. Specialists, particularly 
in northern regions, must collect 
and store huge amounts of food, 
which must be tended, protected, 
and guarded throughout the year. 
Generalists such as the Bushman 
never find much food at a time, but 
they find it almost constantly. Stor- 
age is unnecessary and, in fact, 
would be senseless. 

Finally, the mental effects of 
planning must be considered. 
None of us living in modern indus- 
trial societies is a generalist like the 
Bushman, and it should be to 
our advantage to examine the roots 
of the apprehension and anxiety 
that appear to be the specialist’s. A 
specialist must constantly be think- 
ing, communicating, and worrying 
about the optimal moment to at- 
tack that one resource that supplies 
the bulk of his livelihood. When 
times are good for the specialist, 
the world is a bountiful place. But 
the specialist is in a precarious posi- 
tion, having to assume that the 
world is predictable when it may, in 
fact, not be. I think that one of the 














proofs of this lies in the predomi- 
nance of symbolic behavior in the 
lives of specialists: incessant writ- 
ten and oral communication, laws, 
record keeping, religion, magic, 
reference to psychic phenomena 
and knowledge, and the raising 
and testing of theoretical proposi- 
tions about how the world works. 
The specialist is of necessity a scien- 
tist, and he worries about pre- 
dicting phenomena in his world in 
direct proportion to how unpredic- 
table those phenomena are. ° 

Not so the generalist Bushmen. 
It would be futile for the Bushmen 
to try to be scientists. The environ- 
ment of the Kalahari makes this 
unnecessary, and for some un- 
fathomable reason the Bushmen 
have not yet devised the sort of sys- 
tem of artificial, nonsubsistence 
specialization that haunts most 
other living groups today. Con- 
stantly working but at a very low 
level of activity, intercepting almost 
all resources that come their way, 
living together and on equal terms 
with other members of their family 
and group, removed from the 
problems of property ownership 
and predictability, the Bushmen 
have fire, they have food, and they 


seem happy. ig 





James Ebert is an archeologist with the 
National Park Service in New Mexico. 
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THIS YEAR, 


~ GIVE A GREAT AMERICAN 
TRADITION. 


Back in 1903, the L.C. Smith Com- 
pany introduced its first typewriter. They 
didn't know it then, but they started a 
great tradition. 

Over the years, the name Smith- 
Corona’ has become a household word. 
(And you don't get that sort of recognition 
unless you're the best.) Over the years, peo- 
ple have found out that Smith-Corona 
stands for the very finest quality and work- 
manship. That Smith-Coronas are built to 
last and last and last. 

In fact, think about this: of all the 
great portable typewriters that have been 
sold over the years, Smith-Corona is the 
only one thats still doing business at the 
same old stand! Doesn't that tell you some- 
thing about the kind of tradition Smith- 
Corona started way back then? 

Now, in 1981, one thing about the 
Smith-Corona hasn't changed: its still built 
to last. Its still built to match exacting qual- 
ity control standards. 

But the Smith-Corona of 1981 is a far 
cry from the first typing machines. For one 
thing, its electric. For another it has a 
unique cartridge system that gives every 


Smith-Corona a versatility no other portable 
typewriter in the world has. So you can type 
on fabric or film, in black or in colors, And 
you can correct mistakes two different ways, 
including our brand-new Lift-Rite.” that 
actually lifts mistakes clean off the page! 

When youre out holiday shopping, 
put a great American tradition through its 
paces—a Smith-Corona Coronet” XL or 
Super 12. Type on it. Listen to it. Correct a 
mistake on it. Examine it closely. 

‘Youll see why Smith-Corona has 
been given for years and years to 
generations and generations. After all, not 
every typewriter gets to be a tradition. 





Smith-Corona 
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AND THE 


EARTH GODDESS 


He is James Lovelock, she Gaia. Theirs is 


an affair of life and atmospheres. 


by Roger Bingham 


Photographs by Anthony Howarth _ 


n the English county of Corn- 
wall, a narrow road wends 
through ancestral country- 
side. Scattered farms and a 
patchwork quilt of fields are 
stitched together by tall hedge- 
rows. Along the road a wooden 
gate bears a neat blue-and-white 
sign: Coombe Mill Experimental 
Station. In the shopping center of 
science, dominated by the super- 
markets and conglomerates of gov- 


ernment institutions and univer- 


sity laboratories, Coombe Mill is a 
corner store. The proprietor is Jim 
Lovelock—more properly, Profes- 
sor James Lovelock, F.R.S.— free- 
lance inventor, independent scien- 
tist, iconoclast. 


Beyond the gate, in front of a 


rambling white farmhouse, stands 
a statue representing Gaia, Greek 
goddess of the Earth. The door of 
the house opens, and Lovelock 
emerges, a small, sprightly man 
with boyish features (he is 62, looks 
years younger) and a shock of long, 
wavy gray hair. He warns off Kris- 
tofferson, the peacock, and grins: 
“T bet you don’t know many scien- 
tists who have to shoo peacocks out 
of their laboratory.” 

The Coombe Mill laboratory is a 
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Woodfin Camp 


room perhaps the size of a double 
garage at one end of the house. It is 
crammed with electronic compo- 
nents: a sophisticated bench-top 
computer, various oscilloscopes, 
readout and monitoring equip- 
ment, a gas chromatograph. In one 
corner stands Lovelock’s latest de- 
vice, a detector ordered by the Na- 
tional Oceanic and Atmospheric 
Administration (NOAA), custom- 
made by Lovelock to measure 
fluorocarbon in the atmosphere. 
NOAA plans to release a quantity 
of fluorocarbon tracer on the west 
coast of America and follow it 
across the continent with the 
airborne detector, measuring con- 
centrations to analyze atmospheric 
currents. A similar detector is de- 
signed to measure ocean currents. 

Lovelock’s inventions have al- 
ways functioned for him as a form 
of barter. Before he became inde- 
pendent, they allowed him to wan- 
der across interdisciplinary bound- 
aries, solving problems. Whenever 
something intricate needed to be 
measured, Lovelock could find the 
way to do it. He holds a degree in 
chemistry as well as doctorates in 


-medicine and biophysics. He has 


worked in cryobiolagy, freezing 


hamsters stiff as a board and resus- 
citating them. He has acted as a con- 
sultant to NASA, winning three 
certificates of recognition for his 
contributions to the space pro- 


gram, and has developed a scheme © 


for detecting life on other planets. 
His inventions are myriad, ranging 
from a tiny thumb gauge for mea- 
suring a diver’s blood pressure un- 
derwater, to the prototype wax 
pencil, to a method for freezing 
bull sperm, to the series of detec- 
tion instruments now so widely 
used for everything from analyz- 
ing atmospheric components to 
sensing the presence of explosives. 
For the past 15 years his hard- 
ware has served to buy Lovelock his 
freedom, permitting him to realize 
his “ultimate objective ... to work 
like the artist or novelist ... to do 
scientific creative work without any 
constraints.” | 
Lovelock calls the thread that has 
held his work together during the 
free-lance years “the quest for 
Gaia,” and the results of his search 
have been summarized in his re- 
cent book, Gaia: A New Look at Life 
on Earth. Essentially Lovelock con- 
ceives of the Earth’s living matter 


(biota), air, oceans, and land sur-— 
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face as a single organism, a finely 
tuned homeostatic system of feed- 
back loops which has, as he puts it, 
“the capacity to keep our planet a 
fit place for life.” Life does not exist 
simply because material conditions 
happened to favor it, he argues; 
rather, life alters the conditions to 
ensure its survival and works ac- 
tively to maintain them. 

According to the Gaia hypothe- 
sis, the atmosphere is manipulated 
and modulated on a day-to-day 
basis from the surface of the Earth. 
The manipulator is life itself, from 
the vast production of methane by 
bacteria, to the cycling of essential 
minerals like iodine from marine 
algae, to the land. “The atmos- 
phere is not merely a biological 
product,” Lovelock writes, “but 
more probably a biological con- 
struction: not living, but like a cat’s 
fur, a bird’s feathers, or the paper 
of a wasp’s nest, an extension of a 
living system designed to maintain 
a chosen environment.” The Gaian 
version of planetary democracy is 
a kind of ecological Gettysburg 
address: government of the bio- 
sphere, by the biosphere, for the 
biosphere. 

It is an appealing prospect, this 
myth for our times, a fine, holistic 
vision of Mother Earth succoring 
her teeming brood with the aid of 
cybernetics. It is pastoral philoso- 
phy, the wisdom of the landsman: 
Look after the Earth, and the Earth 
will look after you. It could even be 
argued, as it is by some of Love- 
lock’s critics, that too much reliance 
on Gaia’s capacity to regulate and 
heal herself leads to complacency 
and a kindergarten ethic: Pollute 
the environment, and Mommy 
(Gaia) with her feedback loops will 
clean up the mess. 

Gaia sounds too mystical for 
some tastes, too self-evident for 


A statue of Gaia, the Greek Earth goddess 
whom Lovelock’s biospheric hypothesis is 
named for, stands at Coombe Mill farm. 
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others. When he first began de- 
scribing the idea in the 1960s, 
Lovelock recalls, his fellow scien- 
tists were resistant. “The looks of 
blank amazement were wondrous 
to behold. . . . But those same peo- 
ple who objected then now talk of 
‘biogeochemical cycles.’ They’re 
saying much the same things as I.” 
Some of Lovelock’s peers rate 
him a genius; most simply do not 
know what to make of him. Those 
who have encountered him at sci- 
entific gatherings invariably de- 
scribe him as modest and retiring, 
painfully shy. He is soft spoken and 
prone to attacks of what his princi- 
pal collaborator, Lynn Margulis of 
Boston University, calls “seminar- 
itis, where he talks quieter and 
quieter, doesn’t project, doesn’t ex- 
plain himself.” To a large extent, 
Margulis says, Lovelock is a recluse, 
a solitary who distances himself 
from the madding crowd as an act 
of self-preservation. Hence the 
idyllic isolation of Coombe Mill and 
Lovelock’s “Limit of Social Interac- 
tion”: He prefers to be in the com- 
pany of no more than four people. 
In such a setting, the shyness will 
often vanish, and Lovelock takes 
on a different character: the mis- 
chievous extremist. Spurred on by 
his wife, Helen, his conversation 
peppered with mild expletives, he 
is quite likely to profess himself an 
elitist and dismiss the appellation 
“people’s” associated with any- 
thing. Tribalism is his pet hate; 
education runs a close second. He 
recalls his own school days with 
venom. “I loathed every second I 
was there. .. . On a lovely summer 
day, to be trapped in a bloody 
schoolroom, reading daft books on 
stupid subjects — real Dullsville 
stuff—when I could have been out 
in the country going for a walk or at 
the library teaching myself. . . .” 
Lovelock detested being taught 
at and has no patience with aca- 
demic convention. To this day he 
has a cavalier disregard for ivory- 
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The Gaian theory is the wisdom 


of the landsman: Look after the Earth, 
and the Earth will look after you. 


tower scholarship with its tradi- 
tional baggage of elaborated refer- 
ences and convoluted footnotes. 

And yet if he comes across a sci- 
entific report that he considers 
sloppy or inaccurate, he fumes. A 
recent article produced a typical ti- 








This simple device, created by Lovelock to 
measure fluorocarbons in the Antarctic 
atmosphere, supplied information that set 
off the spray can/ozone depletion scare, 
which he believes was greatly exaggerated. 


rade. “It’s arrant rubbish! They 
haven’t even done their homework. 
It’s so bad it’s shocking.” I pointed 
out that one of the authors had 
considerable standing. “I don’t give 
a damn. He’s right out of his field. 
It’s as daft as that business about 
viruses from space. Equally child- 
ish non-science.” 

As a teenager, Lovelock dealt 
with “No Trespassing” signs on 
footpaths he considered public 
rights-of-way by concocting an ex- 
plosive charge and blowing them 
out of the ground. In the mid- 
1950s, as a senior researcher at the 
National Institute for Medical Re- 





search outside London, his style 
was essentially the same, if a little 
muted. At the time he had devised 
a diathermy tank for rewarming 
frozen hamsters. NIMR’s rather bi- 
zarre cryobiological work had been 
popularized in a play written by a 
former employee, with Lovelock as 
scientific adviser. For publicity a 
photograph was taken showing 
Lovelock peering into a scaled-up 
version of the tank, large enough to 
accommodate one of the actors, 
who looked to be frozen in a state of 
suspended animation. Lovelock 
pinned the photograph to the wall 
of his office. 

Shortly afterwards, a team of 
Russian surgeons visited NIMR. 
Lovelock took them on a tour, put- 
ting a frozen hamster through its 
paces in the diathermy apparatus. 
The delegation retired to Love- 
lock’s office and saw the photo- 
graph. “Of course, they wanted to 
know about it,” Lovelock recalls, 
“and like a fool I said, ‘Well, natu- 
rally we’ve carried the research on 
to humans.” The Russians clam- 
ored for details. “I’m terribly 
sorry,’ Lovelock deadpanned, “but 
that’s classified.” Ever since, he Says, 
he has had a vision: “Somewhere in 
Siberia there’s a giant mound of 
corpses and this surgeon saying: 
‘But I saw it with my own eyes!’ I’ve 
never dared to accept an invitation 
to Russia. I know they'd send me 
straight to Siberia. ‘Okay, they’d 
Say, ‘now you warm them up!’” 

Lovelock was already a loner as a 
child. Science was a salvation for 
him, one he came to at the preco- 
ciously early age of four when his 
father gave him a Christmas pres- 
ent of batteries, a collection of 
wires, a bell, light bulbs, and other 
oddments. After his much despised 
schooling, he went via a firm of sci- 
entific contract consultants and 
evening classes at London Univer- 
sity to study chemistry at Manches- 
ter University. 

After graduating he went to the 
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Medical Research Council and be- 
gan wartime research on the trans- 
mission and control of infection by 
aerial bactericides. From there he 
moved to the Common Cold Re- 
search Unit before joining the fa- 
mous NIMR cryobiology group in 
1951. His major contribution there 
was explaining the physical pro- 
cesses of cell damage during freez- 
ing and why neutral solutes, like 
glycerol, offered protection. Love- 
lock spent a year at Harvard on a 
Rockefeller fellowship—selling 
armfuls of his rare blood type at 
$50 a pint to keep the family in 
food—before returning to NIMR 
and a collaboration with Tony 
James and Nobel Laureate Archer 
Martin, inventors of gas liquid par- 
tition chromatography. After 20 
years at NIMR, however, he was 


ready to strike out alone. 


By the mid-1960s Lovelock was 
in the U.S. at NASA’s Jet Propul- 
sion Laboratory, consulting on 
analytical hardware for the Mars 
mission. Because of his biomedical 
background, he was drawn into the 
debates of the bioscience team, 
which was designing life-detection 
experiments. Lovelock found the 
prevailing approach too geocentric 
for his taste. It posed the question 
“Is there life as we know it?” based 
on contemporary microbiology. 
Lovelock advocated instead a 
scheme which turned on analyses of 
planetary atmospheres. The pres- 
ence of life on a planet, he argued, 
should profoundly affect the at- 
mospheric profile, producing de- 
partures from the expected inor- 
ganic steady state equilibrium. 

With a JPL colleague, Dian 
Hitchcock, Lovelock tested his idea 
on the Earth’s atmosphere and 


found it to have “an astonishing 


and unexpected degree of contriv- 
ance,’ as he put it. For example, 
given sunlight and the oxygen con- 
centration of the atmosphere, the 
amount of methane in equilibrium 
after oxygen and methane have re- 
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The presence of life on a planet, 
Lovelock argues, should profoundly 


affect the atmosphere. 


acted to form carbon dioxide and 
water should be less than one part 
in 10°°. Instead, the figure is one in 
10°. A discrepancy approaching 30 
orders of magnitude takes a great 
deal of explaining: It requires the 
introduction into the atmosphere 


The electron capture detector, above, 
invented by Lovelock, separates and 
measures minuscule quantities of gases. 
The coil below was developed for NASA 
to analyze the Martian atmosphere. 






of perhaps two billion tons of 
methane annually. 

The story is the same for other 
gases. Earth has “too much” nitro- 
gen—the chemically stable form is 
the nitrate ion, so nitrogen and 
oxygen should have reacted to- 
gether and gone into solution in 
the oceans—and “too much” am- 
monia, nitrous oxide, carbon mon- 





oxide, and hydrogen. Moreover, 
computer models of Earth’s atmos- 
phere in the absence of life suggest 
that, almost predictably, its compo- 
sition should be somewhere be- 
tween those of its nearest neigh- 
bors, Mars and Venus. So why is the 
Earth’s atmosphere chemically and 
thermodynamically out of kilter? 
According to Lovelock and Hitch- 
cock, the presence of life itself 
somehow drove the atmosphere 
into disequilibrium and then main- 
tained it for billions of years. They 
reasoned that finding similar dis- 
equilibria in the atmosphere of 
other planets would be suggestive, 
though not proof, of life. 

The conventional geochemical 
wisdom of the time still held that 
life—all forms, not merely human- 
kind—adapted to rather than 
affected the environment. Our 
atmosphere, for example, was 
thought to be the result of plane- 
tary outgassing, the release of gases 
from within the planet as the Earth 
formed. Subsequent abiological 
reactions, according to this theory, 
brought it to its present state. 

There were some notable excep- 
tions to the conventional view: G. 
Evelyn Hutchinson of Yale had sug- 
gested a decade earlier that both 
oxygen and methane production 
were principally biogenic, life- 
mediated processes. But the extent 
of life’s influence on other bio- 
spheric cycles, the production and 
transport of other gases and min- 
erals—in essence, the biggest re- 
cycling business on Earth—was 
neither fully appreciated nor 
widely accepted. 

By the time Lovelock finished 
his work at the Jet Propulsion Lab- 
oratory, he had caught his first 
glimpse of Gaia. He returned to 
the thatched cottage in England, 
determined to develop his idea. 

Lovelock first presented the Gaia 


hypothesis to a scientific group at a 


meeting on the “Origins of Life” at 
Princeton in 1969. As Lynn Margu- 
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lis recalls, “Jim gave his little piece, 
nobody understood him, and they 
ignored him. It made zero impres- 
sion.” Shortly afterwards, she be- 
gan to collaborate with Lovelock. 
He had already pinpointed the 
anomalies and disequilibria in the 
Earth’s atmosphere; she, as a mi- 
crobiologist, was able to suggest the 
life processes that might explain 
them. Ina series of papers, they de- 
veloped the analogy of the atmos- 
phere as circulatory system of the 
biosphere: Gaia’s lifeblood is made 
up of gases and minerals that move 
in a continuous cycle, maintaining 
Earth’s temperature, physical 
makeup, oxidation-reduction 
State, and acidity in the optimum 
condition for the support of life. 

They raised a series of intrigu- 
ing questions. We know, for exam- 
ple, from the fossil record that the 
climate has never been completely 
. el i («Un favorable for'life during its exis- 

# oe tence on Earth. The oceans have 

a a never boiled or frozen. Even dur- 
Please Shut the Gate ing the Ice Age, the temperature 

/ fall was relatively minor, and the 
m  glaciations did not encroach be- 
yond the 45-degree parallels of lat- 
itude, leaving 70 percent of the 
Earth’s surface free of ice and able 
to support a flourishing biota. And 
yet if the sun has been following 
the normal course for a main se- 
quence star, its energy output 
should have increased greatly from 
its genesis until the present. On 
that reckoning, if we are now at the 
peak of energy output, the Earth 
“should” have been frozen for 
much of the time that life has 
existed. It wasn’t. Why not? 

Even well-documented fluctua- 
tions in solar output have failed to 
produce the predicted result. An 
increase in solar output should 
lead to heating, water evaporation, 


<* 
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Lovelock suggests that “in the course 
of man’s evolution within Gaia he has 
been acquiring the knowlege and skills 
necessary to ensure her survival.” 
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and haziness, increasing absorp- 
tion of radiation and further tem- 
perature rise. The cycle repeats 
until the surface of the planet re- 
sembles Venus. On the other hand, 
a fluctuation that lowers tempera- 
tures leads to an increase in snow 
and ice cover, changing the Earth’s 
albedo (essentially a measure of its 
reflectivity; the darker the surface, 
the more heat it retains) and re- 
flecting more sunlight back into 
space. The temperature falls still 
further until the downward spiral 
produces an ice-ball planet. Both 
catastrophes have been avoided. 
How? Why has our climate re- 
mained so constant? 

Another riddle: Why is the sea 
salty? The answer seems obvious. 
Rain and rivers constantly wash 
dissolved salts into the sea; the sea 
surface evaporates, cycling rain 
back onto the land but leaving the 
nonvolatile salts in solution. As 
time goes by, the sea gets saltier. We 
know the concentration of salt in 
the sea—about 3.4 percent—and 
we know how much salt runs in 
each year. We can also calculate the 
amount of salt from another 
source, the upwelling rock that 
forms at mid-ocean ridges during 
sea floor spreading. So it should be 
possible by simple division to esti- 
mate the age of the oceans, the 
length of time they theoretically 
should have existed in order to 
reach present salinity levels. The 
answer turns out to be 60 million 
years, which is obviously wrong; 
life forms very similar to those of 
today—that is, requiring water of 
the same general composition— 
have existed in the oceans for hun- 
dreds of millions of years. The 
question now becomes, if the sea 
_ has existed all those years, why is it 
not much saltier? 

There is something else to con- 
sider. With the exception of a few 
rare adaptations like brine shrimp, 
_ living cells cannot tolerate a salinity 
in excess of six percent: The cells 
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It is essential to understand 
the Gaian system and avoid fatal 
damage to its vital organs. 


simply disintegrate. How remark- 
able, then, that for eons the salinity 
of the oceans has remained within 
the narrow limits essential to the 
preservation of life. A coincidence? 
Not according to Lovelock. “Since 
life began,” he says, “the salinity of 
the oceans has been under biolog- 
ical control.” 

Lovelock’s book and his papers 
with Margulis abound with similar 
examples of biospheric cycles inter- 
preted according to the Gaian hy- 
pothesis. They argue that our 
anthropocentrism has led us 
largely to ignore the powerful ef- 
fect, sustained over billions of 
years, of microorganisms—the 
bacteria, algae, protozoa—on regu- 
latory cycles. And they stress the 
importance of bringing together 
scientists from previously unallied 
disciplines to understand the com- 
plex entity they call Gaia. 

All this raises a tantalizing ques- 
tion about the relationship be- 
tween man and the hypothetical 
Gaia. It is Lovelock’s conviction 
that Gaia should be seen as a com- 
plex system with an impressive 
track record for maintaining 
homeostasis and a suitable envi- 
ronment for life to flourish. Yet 
man, in evolutionary terms the 
newest kid on the block, seems to 
have developed an unparalleled ca- 
pacity for blighting Gaia’s feedback 
loops, instead of acting, to use Rene 
Dubos’ analogy, as steward to life 
on Earth. 

Research detailing human im- 
pact on the Earth’s surface and at- 
mosphere is widespread. Some sci- 
entists argue, for example, that the 
use of fossil fuels has led to an in- 
crease in carbon dioxide concen- 
trations, which may produce a 
“greenhouse effect” and the rais- 
ing of global temperatures. In the 
same way, agricultural methods 
such as deforestation could con- 
ceivably alter the Earth’s albedo, 
lowering temperatures. It is impos- 
sible to predict how the balance of 


power between man and Gaia 
might shift, but, Lovelock argues, it 
is essential to understand the Gaian 
system and avoid fatal damage to 
her vital organs. 

A summer school held recently at 
the University of Santa Clara, Cali- 
fornia, and at NASA’s Ames Re- 
search Center went some way to 
doing precisely that—as the organ- 
izers put it, “to enhance the devel- 
opment of a community of scholars 
to pursue interdisciplinary re- 
search toward an understanding of 
the influence of the biota on the at- 
mosphere and sediments.” Accord- 
ing to Kenneth Nealson of Scripps 
Institution of Oceanography, “It 
was possibly the first like it that’s 
ever been given. People who had 
worked only in geochemistry their 
whole lives came face to face with 
biologists studying the same thing.” 

Topics under discussion revealed 
how much greater acceptance 
there is of biogenic influences than 
20 years ago. Lecturers talked of 
the role of bacteria in the for- 
mation of mineral deposits, for 
example, and in the destruction of 
stonework that used to be attrib- 
uted to abiological reactions and 
simple weathering. Nealson is cer- 
tain of one thing: “What we're see- 
ing is organisms making a living, 
finding a niche for themselves. 
And anybody who thinks all of this 
stuff we see on the surface of the 
Earth is strictly abiological just 
doesn’t have a wide enough vision.” 

For Lynn Margulis, probably 
Gaia’s most outspoken advocate in 
the United States, the ultimate goal 
would be the evaluation of a full- 
fledged science of Gaia. “The baby 
is born,” she says. “Now it’s a ques- 
tion of teaching it to walk.” If it 
does, Jim Lovelock, cloistered in 
the calm of the English country- 
side, will be a proud father. (S| 





Roger Bingham, a contributing editor 
of Science 81, is currently working on 
a biography of Jacob Bronowskt. 
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TTCAN ACTUALLY MAKE 
55 MPH. INTERESTING. 


VAVOUs alin querclacelenle@csle OM VOUAlen NAO Melaiion 
the Volvo Turbo. 

A car whose handling equipment can turn a curve 
in the road or a trip to the supermarket into a driving 
adventure. 

Its turbocharged 4-cylinder engine can dust a V-8 
off the line. Automotive writers have described it as 
“A blast? “Spectacular” “Like cutting in an afterburner” 

Maybe you think speed limits, emissions controls 
and government mileage requirements have made 
driving humdrum. But that’s only because you don’t 
Own an interesting car. 


THE TURBO 


By Volvo. 














Space trash 


On a clear night you can sometimes 
see a starlike object winking its way 
across the sky. If you look up with bin- 
oculars just after sunset, you might see 
four or five of these twinkling specks of 
light passing every hour. A few of them 
are artificial satellites, evidence of 
man’s increasingly productive use of 
space. But most of them are garbage. 

“There are only about 235 opera- 
tional payloads now in orbit,” explains 
Donald J. Kessler, an astrophysicist at 
the Johnson Space Center in Houston. 
The rest of the estimated 10,000 to 
15,000 bodies circling the Earth are 
pieces of useless junk, which according 
to Kessler could soon pose a greater 
hazard to spacecraft than meteoroids. 

Space junk ranges from nonfunc- 
tioning satellites and spent rockets to 
tiny fragments left over from collisions 
and explosions of spacecraft. “There 
have been about 50 explosions in space 
that we know about,” Kessler explains, 
“and those have generated about 60 
percent of the total tracked population 
of junk.” 

Many of the accidental explosions in- 
volved American Delta rockets that 
blew up as long as three years after 
launching, says Kessler. By burning off 
residual fuel and opening vents to re- 
lieve the pressure in combustion cham- 
bers, U.S. space officials hope to pre- 
vent future Delta explosions. There 
have also been intentional detonations 
in space. The Soviet Union has tested 
killer satellites on eight occasions, each 
time blasting dummy targets into mil- 
lions of pieces too small to track but still 
perilous to space vehicles. Because of 
their high impact velocities, even frag- 
ments as tiny as one-sixteenth of an 
inch across can penetrate and damage 
most spacecraft. 

The debris is thickest and collisions 


are most likely in the region from 100 


to 1,200 miles above the ground, the 
area of greatest unmanned activity to 
date. Kessler says the most probable ac- 
cident is the ramming of two inactive 
objects such as an old rocket body and 


84 


an explosion fragment. That collision 
would unleash a rain of millions of new 
pieces, which in turn could hit other 
spacecraft. Such collisions, rather than 
explosions, will probably create most of 
the space junk of the future. 

Scientists are also worried about the 
growing amount of debris in higher or- 
bits, particularly the 22,000-mile-high 
geosynchronous orbit. Because satel- 
lites there remain fixed over one spot 
on the Earth as it rotates, the geosynch- 
ronous orbit is vital for communica- 
tions. Some experts have suggested 
protecting it from litter by establishing 
a “garbage dump” at a slightly higher 
altitude. “Satellites could carry just 
enough extra fuel to remove them 
from geosynchronous orbit once they 
have lost their usefulness,” says Kessler. 

Other proposed solutions include 
orbiting trash cans, or scavenger satel- 
lites. Marshall Kaplan, a Pennsylvania 
State University aerospace engineer, is 
working on preliminary designs for a 
scavenger 20 to 30 feet across. Its me- 
chanical, trash-collecting arms would 
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be controlled by technicians on Earth. 
“The trash can would be released by 
the space shuttle,” says Kaplan. “It 
could float around for weeks or months 
doing its mission and then be picked up 
on a later shuttle and brought back to 
Earth for emptying.” | 

The Ground-based Electro-Optical 
Deep Space Surveillance system, soon 
to be put into operation by the Air 
Force, could also aid in protecting valu- 
able orbits. Operating from five sites 
around the world, the system could 
greatly increase the current catalog of 
4,600 useless items that Earth-based 
sensors now keep tabs on. 

For all the mess up there, the risk of 
collision for any particular craft is low. 
If the space shuttle were in orbit for a 
full year, for example, there would be 
less than one chance in 10,000 of its 
being struck by a known piece of junk. 
Still, the number of stray items is grow- 
ing by 11 percent a year, and scientists 
expect that something will crash into at 
least one hapless spacecraft within the 
next decade. —Linda Garvey 
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Animals on parade 


Kangaroos are paradoxical animals. 
Graceful as gazelles when bounding 
through the Australian outback, they 
are almost comically clumsy at a walk— 
so clumsy, in fact, that they appear less 
taxed at high speeds. 

In this case, at least, appearances are 
not deceiving. When Harvard Univer- 
sity physiologist C. Richard Taylor put 
a couple of big red roos on a treadmill 
and took them through their paces, he 
found they actually consumed less oxy- 
gen—hence less energy—at a sprint of 
27 miles per hour than they did at an 
amble one-third the speed. 

This is just one of the many myster- 
ies of locomotion Taylor has probed at 
his laboratories in Concord, Massachu- 
setts. Over the past decade he has in- 
vestigated the motivations of rabbits to 
hop, ponies to trot, and worms to 
squirm, studies that he says have led to 
the solution of some very down-to- 
earth biological quandaries. 

‘Take the kangaroo, for instance. By 
carefully monitoring the force of the 
creature's stride on a specially con- 
structed force board, Taylor and Uni- 
versity of New South Wales biologist 
T. J. Dawson determined that the ani- 
mals get a full two-thirds of their 
power from elastic energy hoarded in 
their bodies between hops. At a walk 
this power is all but lost, but on the run 
it allows the bulky beasts to make those 
long treks between water holes with 
relative ease. 

While the red kangaroo is the only 
animal known to enjoy a decreased en- 
ergy need with speed, Taylor explains 
that a similar mechanism causes other 
animals, including humans, to break 
naturally into arun or gallop at certain 
speeds, gaits that allow them to use the 
elasticity of their bodies to increase 
their efficiency. The question remains, 
however, just where all this energy is 
stored. While searching for the answer 
in kangaroos, Taylor observed that the 
animals do not alter the frequency of 
their hops to match an increase in 
treadmill speed, but simply take longer 
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monitor the animals’ energy use, Richard Taylor, right, 


takes a horse, a goat, and Fluffy the dog through their paces on a treadmill. 


leaps to move faster. This fact is incon- 
sistent with the assumption that the an- 
imals store all their elastic energy in the 
huge springs of their overdeveloped 
Achilles tendons: The tendons could 
not control hop frequency, since they 
simply load and unload when the crea- 
ture’s feet hit the ground. Something 


else had to be acting as a second spring, 
and to find out what it was Taylor em- 
ployed a mechanical model, a Harvard 
undergraduate on a pogo stick. 

After many trials and many errors, 
the pogoer managed to sustain a steady 
bounce on the treadmill and, like his 
furry analog, maintained the same fre- 
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quency of bounces regardless of the 
stiffness of the spring in his stick or the 
speed of the treadmill beneath it. Fi- 
nally it dawned that it is not the spring 
(or, in the case of kangaroos, the Achil- 
les tendon) that determines bounce 
frequency, but the bouncer’s back, 
which coils and uncoils at a rate de- 
pendent only on the subject’s size and 
weight. Taylor quickly ran tests on a va- 
riety of other animals—rat, mouse, 
horse, and dog—and found the hy- 
pothesis held true for them as well. A 
new theory of locomotion came into 
being: It is the entire body, not just 
the legs, that puts the spring into the 
vertebrate step. 

Taylor began formal research into 
animal energetics 15 years ago as a 
graduate student. Since then, scientists 
from all over the world have come to 
work with him at the field station of 
Harvard’s Museum of Zoology, a rus- 
tic, low-slung building bounded by 
hundreds of wooded acres and guarded 
by a former experimental subject— 
Stretch, the watch-ostrich. Inside, a 
straggle of modest offices contains the 
tools of Taylor’s highly specialized 
trade, including a trio of treadmills 
suitable for animals as large and be- 
nign as Shetland ponies and as small 
and deadly as tarantulas. 

“The tarantulas were really weird,” 
Taylor recalls. “As soon as we put them 
on the treadmill, their oxygen con- 
sumption appeared to drop to zero.” 
This is because the furry spiders do not 
pass oxygen over their gills when mov- 
ing. Like seals and whales diving un- 
derwater, they allow the oxygen levels 
in their bodies to go down when scut- 
tling along and use their lungs only 
when at a standstill. 

Taylor and his fellows have cajoled, 
bribed, and threatened hundreds of 
animals of 63 different species into per- 


. forming for their monitoring devices. 


Each creature is fitted with a mask that 
encloses its face and measures the 
amount of oxygen it uses. Getting a ta- 
rantula to wear a gas mask is a bit of a 
chore, Taylor says, but it’s nothing com- 
pared to the problems he has with cats. 
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“They're too damn independent,” he 
chuckles. “We haven’t been able to find 
anything they want badly enough to 
make them behave.” 

Overall, it’s a difficult and frustrat- 
ing task, but it is the acid test as far as 
theories of animal energetics are con- 
cerned. For example, the postulate of 
Nobel Prize-winning physiologist Ar- 
chibald V. Hill that all animals expend 
the same amount of energy per gram 
of body weight for distance traveled 
was gospel until Taylor proved him 
wrong 10 years ago. His study showed 
that a one-ounce mouse uses 1,000 
times more energy per unit of weight to 
cover the same distance than does a 
40-pound dog, probably because the 
smaller creature has to move its legs so 
fast to get anywhere. 

But perhaps the most stubborn myth 
that Taylor’s research has dispelled is 
the notion that animals use more en- 
ergy to run than to walk a given dis- 
tance. The trusty treadmill showed 
that most animals, including humans, 
use the same number of calories per 
distance regardless of their speeds, as 
long as they walk or run in a natural 
manner. That fact, once well-publi- 
cized, may cure some joggers of their 
haste. In fact, in a recently completed 
study Taylor found that all vertebrates 
vary their gaits by employing one or a 
combination of only two basic mecha- 
nisms. In a walk they make use of gravi- 
tational “potential energy,’ the power 
that makes milk bottles crash to the 
floor when pushed off tables. This en- 
ergy is alternately stored and used 
within each walking stride, much like 
the rise and fall of a pendulum. At a 
run, trot, or gallop, energy is stored in 
stretched muscles and tendons, then 
released when these fibers are short- 
ened, just as a bouncing ball com- 
presses and expands. At any speed, the 
animal settles into the gait that com- 
bines just the right amount of pendu- 
lum and elastic elements to minimize its 
energy output. In a word, ‘Taylor says, 
animals use energy “shrewdly.” 

Figure-conscious athletes could the- 


oretically force théir bodies to be less 


“shrewd” and burn off more calories by 
covering a mile in six minutes in an 
awkward, hurried walk instead of a 
normal, controlled run. The problem 
with this, of course, is that even if peo- 
ple could walk this quickly they would 
do so with all the grace of a kangaroo 
on a leisurely Sunday stroll—not an el- 
egant way to fool mother nature. 
—Ellen Ruppel Shell 


Science for sale 


In a darkened living room in Iowa, 
the earth trembles and the sky blazes 
with light as more than seven and a half 
million pounds of thrust propels the 
Saturn rocket and its human cargo 
toward a lunar destination. With 
super-8mm newsreels, videocassettes, 
and 35mm color slides, space buffs can 
relive the excitement of the first moon 
landing. They can also compile photo 
and cinematic archives that include 
Viking’s view of Mars, Voyager 1 and 
Apollo missions, and nebulae, galaxies, 
planets, and other celestial sights. 

The photographs and movies are 
among the intriguing array of science- 
oriented items on the market. The fol- 
lowing is a sampling of these items ar- 
ranged by area of interest. (Ordering 
and price information is listed in 
Sources, page 110.) 





An assembled model of a short strand of 
DNA shows the molecule’s spiral structure. 
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The human body—With an inex- 
pensive Peripheral Blood Flow Kit one 
can demonstrate how the body controls 
blood flow to the extremities to con- 
serve heat. The kit’s thermographic 
sheets contain liquid crystals that act as 
temperature indicators. When placed 
on the back of the hand, a sheet shows 
zones of color, outlining warmer and 
cooler regions. 

Several biofeedback kits are avail- 
able to monitor subtle physiological 
processes such as brain waves, heart 
rate, and skin resistance (used as a 
measure of stress), and then translate 
this information into an audible tone 
or a meter reading. Using this “feed- 
back” of information, the activity may 
be voluntarily modified. The Biofeed- 
back Study Kit monitors skin resistance 
and temperature. People plagued with 
cold hands or feet may be able to use 
biofeedback to voluntarily warm these 
extremities by increasing blood flow. 
Another biofeedback sensor, the Bio- 
sone IT, identifies electrochemical activ- 
ity within the brain. The apparatus 
monitors alpha rhythms (generally as- 
sociated with a state of relaxation) and 
theta waves (occurring before sleep, 
thought to be related to reflective, crea- 
tive moods). The biofeedback beginner 
with a basic knowledge of electronics 
may prefer the less expensive and less 
sophisticated Build Your Own Alpha 
Monitor kit. 

Science fashion—T-shirts can per- 
sonalize science from astronomy to 
physics to biology. One can wear the 
Andromeda galaxy, a solar eclipse, the 
Crab nebula, or the space shuttle Co- 
lumbia. Others might prefer to sport a 
portrait of Einstein or illustrations of 
Drosophila melanogaster, the fruit fly 
commonly used in laboratory genetics. 
Other shirts show the mitotic cycle of 
cellular division, the musculature of 
the torso, and more. 

The science of illusion—A holo- 
gram (which means “the whole mes- 
sage” in Greek) is a three-dimensional 
photograph of laser light waves re- 
flected from an object. The hologram 
contains all the information about the 
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size, shape, and other qualities of the 
object—except that it is not solid but 
rather a product of light waves, sensa- 
tion without substance. The viewer has 
the eerie sensation of seeing a ghostly 
version of the original object sus- 
pended in midair. 

Holographic photographs are avail- 
able depicting the planet Saturn and a 
human skull. There are also holo- 
graphic “movies,” sometimes called 
stereograms, that combine holography 
with conventional cinematography, re- 
sulting in a three-dimensional moving 
image. In one classic holographic 
movie, Dracula sinks his teeth into the 
neck of a terrified maiden. Another 
item, the unique but expensive Holo- 
gramaker, provides all the equipment 
and materials needed to make 70 x 
70mm holograms. With the pre- 
assembled apparatus (which includes a 
laser), the user can shoot and develop a 
hologram in regular room light. 

Physical fitness—The Exercise /Fit- 
ness Kit contains equipment for mea- 
suring cardiovascular fitness and over- 
all physical condition. It includes a 
blood pressure set (sphygmomanome- 
ter and stethoscope), a battery-oper- 
ated digital stopwatch, and an elec- 
tronic pulse monitor with a finger 
pulse sensor. A “fatometer,” or skin fold 


How clean is the water? Test it using a pollution kit’s chemicals and instructions. 


caliper, measures subcutaneous fat at 
carefully chosen “pinch” sites on the 
body, and a Physical Fitness Estimator and 
Running Guide, a cardboard slide rule 
type calculator, estimates one’s aerobic 
Capacity (oxygen uptake) during a non- 
strenuous exercise test. The kit’s com- 
ponents may be purchased separately. 
The structure of genes—Molecular 
biology enthusiasts can build two mod- 
els of DNA, the “master molecule” that 
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encodes an organism’s genetic infor-— 


mation. The DNA Model Kit A contains 
colored plastic beads and rods for 
building a simplified model, measur- 
ing about 10 inches, of a short piece of 
double-stranded DNA. DNA Model Kit 
B provides flexible white plastic com- 
ponents to build a more realistic scale 
model, about 22 inches high, of a dou- 
ble helix. Paints can be purchased for 
color-coding the molecular components. 

Scientists speak—Maarten Schmidt 
explains how astronomers discovered 
the strange objects that became known 
as quasars, and Werner Heisenberg 
talks about the evolution of atomic 
physics. These are two cassette tapes 
from an educational series describing 
key concepts in physics by scientists 
who played a prominent role in their 
development. Some of the tape re- 
cordings are fairly sophisticated and 
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What sort of people need to learn a foreign 
language as quickly and effectively as possi- 
bie? Foreign service personnel, that’s who. 
Members of America’s diplomatic corps are 
assigned to U.S. embassies abroad, where 
they must be able to converse fluently in 
every situation. 

Now you can learn to speak Spanish just 
as these diplomatic personnel do—with the 
Foreign Service Institute's Programmatic 
Spanish Course. 

The U.S. Department of State has spent 
thousands of dollars developing this course. 
It’s by far the most effective way to learn 
Spanish at yourown convenience and at your 
Own pace. 

The Programmatic Spanish Course con- 
sists of a series of cassettes and accom- 
panying textbook. Simply follow the spoken 
and written instructions, listening and 
repeating. By the end of the course, you'll be 
learning and speaking entirely in Spanish! 

This course turns your cassette player into 
a “teaching machine.” With its unique ‘‘pro- 
grammatic” learning method, you set your 
own pace—testing yourself, correcting er- 
rors, reinforcing accurate responses. 
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®& Or visit our New York sales office: 145 E. 49th St., New York, N.Y. 10017 (212)753-1783 
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Back Issues 
are available! 


And that’s good news if you 
don’t have acomplete set of SCI- 
ENCE 80 or SCIENCE 81. Just 
$2.00 an issue. But hurry and 
order today—only so many 
copies of each issue are still avail- 
able. 

This offer includes our Premier 
. Issue—Volume 1, Number l—a 
- collector’s item. 


iSpeak Spanish 
like a diplomat! 


‘payable to SCIENCE 81. 





This Programmatic Course comes in two 
volumes. Order one or both. 
O) Volume I. 
12 cassettes, (17 hrs.), 464-page Text. and 
Instructor's manual, $115 


O Volume Il. 
8 cassettes, (11% hrs.), 614 page Text. and 
Instructor’s manual, $98. 


(Conn. and N.Y. residents add sales tax) 
Shipped in handsome library binders. 


TO ORDER, JUST CLIP THIS AD and mail 
with your name and address, and a check or 
money order. Or, charge to your credit card 
(American Express, VISA. MasterCard, 
Diners Club) by enclosing card number, ex- 
piration date, and your signature. 

The Foreign Service Institute’s Spanish 
course is unconditionally guaranteed. Try it 
for three weeks. If you're not convinced it's 
the fastest, easiest, most painless way to 
learn Spanish, return it and we'll refund every 
penny you paid. Order today! 

Many other FSI language courses also 
available. Write us. 


Audio-Forum 

Dept. T-43 

On The Green, 
Guilford, CT. 06437 


(203) 453-9794 
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To order, complete the coupon 
below and return it to us along 
with your check or money order 


Indicate the issues desired and 
mail to: Steven Fustero, Sub- 
scriber Services, SCIENCE 81, 
1515 Massachusetts Avenue, NW, 
Washington, DC 20005 


i ONLY ISSUES LISTED BELOW ARE AVAILABLE. | | 
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require a basic understanding of the 
theories presented. : 

Natural habitats—While observa- 
tion of plants and animals in their natu- 
ral settings has its virtues, some people 
prefer to bring a piece of the field in- 
doors. A number of plant and animal 
“habitats” are available, each of which 
recreates a living community in micro- 
cosm. A Complete Habitat designed for 
the observation and study of small ani- 
mals such as chameleons, snails, newts, 
and tadpoles, consists of a five-gallon 
tank divided into two compartments. 
Other animal habitat kits include fresh- 
water fiddler crabs, salamanders, or 
frogs. One unusual setup is the Taran- 
tula Habitat. These spiders, supplied 
from the southwestern United States, 
are “not significantly poisonous to 
man.” However, because the tarantula’s 
bite is painful, the supplier recom- 
mends the red-legged tarantula, which 


enjoys the reputation of being one of 


the more goed-humored species. 

‘Plants may lead more sedate lives, but 
they also require less attention. One of 
the plant communities available is a 
Carnworous Bog Terrarium, filled with 
sphagnum moss, creeping blueberry, 
and insect-eating pitcher plants, sun- 
dews, and Venus’ flytraps. 

The environment—People who are 
concerned about the quality of the 
water and air they consume can do 
their own environmental monitoring. 
A Basic Pollutant Factors Kit (for water) 
includes tests for dissolved oxygen, ni- 
trate, phosphate, acidity (pH 3 to 10), 
carbon dioxide, chlorides, ammonia, 
silica, hardness, and alkalinity. An in- 
struction manual for the tests and two 
handbooks on water pollution are in- 
cluded. Air Pollution Test Kits use meth- 
ods that follow accepted federal proce- 
dures: The user collects the air sample 
in a special absorbing solution and then 
chemically analyzes it for pollutants 
such as carbon monoxide, lead, chlo- 
rine, and sulfur dioxide. An air sam- 
pling pump to push precise volumes of 
air through the collection chamber 
must be purchased separately. 

—Joan Stephenson Graf 
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lo improve your accounts receivable, 
shift your point of view. 


“=e Today, there’s a powerful way to improve your accounts receivable. 

Do it by shifting your point of view away from easily ignored collection 
letters. Shift it to the Bell network. 

You already have access to the Bell network, the world’s largest and most 
advanced information management system. So you can make contact at once. Can discuss 
and interact with your customer or client, can have personal rapport. 

But how you use the network—the techniques of a Bell credit management 
program—is what makes the interaction pay off. 

The Bell program offers you a cost-effective method for reducing bad debts 
and increasing cash flow, so that your receivables can earn interest. Meanwhile, customer 
good will remains intact. Bell’s program is so effective with overdue accounts that many 
collection firms use it. 

Bell can discuss programs and services to help you use the network to your 
best advantage. 


@® All you have to do is call now 800-821-2121, 


toll free. In Missouri, call 800-892-2121. 8 O O . 82 ] -2| 2| 


See how easy it is to put our knowledge to work for you.@am 
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The gravity 
of the situation 


When the first wheel was being 
carved out, it’s likely that someone was 
standing by saying it would never roll. 
There are people who still believe that 
if the world isn’t flat it should be. But 
some skeptics, when given the inevit- 
able, are more droll than dogmatic. 

The American Society for the Con- 


servation of Gravity (ASCG) and the 


Man Will Never Fly Memorial Society 
(MWNF) are organizations for such 
iconoclasts. Consider that, according to 
the ASCG, “the United States, with 
only six percent of the world’s popula- 
tion, uses 59 percent of its gravity,’ and 
“a single moon rocket launching uses 
more gravity in a few moments than 
the entire world used during all the 
18th century.” 

Darwin Crum, ASCG’s chairman 
and only board member, is doing 
everything he can to protect what is left 
of “our most precious terrestrial re- 
source.” One of his efforts, for exam- 
ple, is petitioning President Reagan to 
reduce the ton to 500 pounds. 

New members of the ASCG receive a 
“desk top gravity status indicator ... 
[which] provides an at-a-glance check 
on gravity in the immediate area.” 
There is also a scratch-and-sniff patch 
which duplicates the odor of a manned 
space capsule after 18 gravity-free days. 
-of flight. 

Ignoring Newton’s definition of the 
law of gravity, which “sounds nice if 
you say it fast,” ASCG conceptualizes 
the force as a bunch of machine screws 
called LIGREFITES extending from 
the center of the Earth to the stars. 
Since the LIGREFITES pass through 
the nuclei of all atoms, the electrons 
spinning around each atom screw 
themselves down to Earth. Lead is thus 
heavier than magnesium because it has 
many more electrons. “Hydrogen and 
helium of course spin ina left-handed 
direction and hence rise upwards on 
the LIGREFITE.” The problem is that 
the delicate threads of the LIGREFITES 
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wear down. In response, the ASCG is 
researching alternatives, such as “syn- 
thetic gravity, artificial gravity, or new 


gravity mines.” Crum’s even talking 


about black hole towing. 

Ed North, cofounder and First 
Thinker of the Man Will Never Fly 
group, is waiting for people to come to 
their senses. “The society contends 
that deep down inside we all know no 
machine made of tons of metal is going 
to ‘fly’... . The Wright brothers’ al- 
leged first flight was faked . . . and peo- 
ple have been soaring into—and plum- 
meting from—the skies ever since. . . .” 

The MWNF meets annually as close 
to Kitty Hawk, North Carolina, as pos- 
sible to dishonor the anniversary of the 
Wright brothers’ flight. Each Decem- 
ber 16, those who have pledged that 
“given a choice we will never fly; given 
no choice we will never fly sober,” hold 
a cocktail party that ends at 10:30 A.M. 
on December 17, the time “that the 
Wright brothers didn’t first fly.” 

Anti-aviation awards are given “to 
some public person who has helped us 
prove our point.” Recipients include 
the two balloonists who missed their 
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target by 1,000 miles, Chuck Yaeger, 
who was “clumsy” enough to break the 
sound barrier, and Jimmy Carter, who 
vetoed the B-1 bomber. 

“For Wilbur and Orville, those men 
of renown, who taught us to fly without 
leaving the ground,” the members of 
MWNF meet each year to reassert that 
two Wrights could have been wrong. 

—Carollyn James 


The body electric 


Judy, a 40-year-old teacher, had suf- 
fered a severe fracture of her lower leg 
in an automobile accident. After 13 
years of disability and many unsuccess- 
ful bone grafts, she learned that her leg 
would never heal. Near desperation, 
she got in touch with Carl T. Brighton, 
an orthopedic surgeon at the Univer- 
sity of Pennsylvania School of Medicine 
in Philadelphia. Brighton inserted 
electrodes into her leg and painlessly 
stimulated the broken bone with a tiny 
electrical current of 80 microamperes, 
roughly 1/1,000 of the current needed 
to run a flashlight bulb. Within six 
months, the bone healed completely. 
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Another researcher in electromedi- 
cine, C. Andrew Bassett, director of 
the Columbia University-Presbyterian 
Medical Center’s Orthopedic Research 
Laboratory in New York, has devel- 
oped a technique to deliver electrical 
energy to the bone without surgically 
entering the body. Bassett places wire 
coils, charged with an alternating cur- 
rent, on top of the damaged limb. The 
current creates a pulsing electromag- 
netic field that induces a tiny, pulsing 
electrical current in the bone. Bassett’s 
pulsing electromagnetic fields and 
Brighton’s electrodes have each 
achieved an 80 percent cure rate in 
more than 2,000 patients, and these 
techniques have won the U.S. Food and 
Drug Administration’s approval for 
general use. 

“Some of these patients were facing 
amputation, others were facing opera- 
tions that carry a certain amount of 
risk,” says Bassett. He has just com- 
pleted a study showing that treatment 
with his pulsing fields can more than 
halve the healing time of broken bones. 

Not surprisingly, it was another or- 
thopedic surgeon that first answered 
some of the basic questions about the 
role of electricity in regeneration. In 
the 1950s Robert O. Becker wondered 
why amputated salamanders could re- 
generate whole limbs; in humans, the 
bone, nerve, and liver are among the 
few tissues that have this capability. In 
1961 Becker published a classic study 
showing that in the salamander injured 
tissues generate small but measurable 
electrical currents. These currents, act- 
ing through nerves, stimulate local 
cells to grow into a functional replica of 
the severed limb. Mammals, he postu- 
lated, sacrificed this ability in favor of a 
more specialized nervous system. 

“I see no reason to say we have irre- 
trievably lost this regenerative ability,” 
Becker says. “It seems to me that you 
can turn ona regenerative growth pro- 
cess.” In 1972 he successfully stimu- 
lated partial limb regeneration in rats. 
Becker, among the first to apply electri- 
cal stimulation to bone fractures, sees 
broader vistas ahead. “Think of the im- 
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plications for medicine, not only to 
grow arms and legs back on people— 
that is way in the future—but to heal in- 


juries that we can’t repair now, such as a 


severed spinal cord or damage to the 
heart muscle, injuries that almost 
never heal effectively.” 

Bassett, who has been investigating 
bioelectric phenomena for 25 years, 
and his colleague at Columbia, electro- 
chemist Art Pilla, concur with Becker 
that electrical currents from injured 
tissues, or from man-made electrodes, 
may turn the cellular switch on and tell 
the cell to divide. But they also believe 
that pulsed currents, generated within 
the tissue by electromagnetic fields, 
impart more specialized instructions, 
depending on the characteristics of the 
pulses. For example, the cell may un- 
derstand pulses of a specific shape, fre- 
quency, and amplitude as an order to 
activate a specific enzyme. Once the 
cell is turned on by a constant current, 
they believe, the information in the 
pulse may stimulate new functions. 
Bassett and Pilla add that the body may 
produce its own pulses and constant 
current to heal bone fractures and fine 
tune cellular control. The researchers 
now have evidence to suggest that puls- 
ing electromagnetic fields may interact 
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in some way with DNA and RNA, the 
master control molecules of the cells. 

Bassett and another colleague, Hiro- 
moto Ito, recently reported that puls- 
ing fields increase the rate of regenera- 
tion of severed peripheral nerves in 
laboratory rats, doubling the rate of 
nerve fiber migration and the return 
of muscle power. “We're also finding 
that we can increase the tempo of 
wound healing,” Bassett says. He hopes 
to accumulate enough laboratory data 
to eventually begin clinical trials using 
pulsing electromagnetic fields on pa- 
tients with chronic skin ulcers caused 
by poor circulation. 

Larry Norton, a cancer researcher at 
Mount Sinai School of Medicine in New 
York City, has found that when pulsing 
electromagnetic fields are combined 
with chemotherapy to fight a virulent 
form of melanoma cancer in mice, the 
survival time is doubled over mice 
treated with chemotherapy alone. 

Promising as these early applications 
may be, researchers are cautious. “We're 
not talking about a panacea,” Bassett 
advises. “It took us 25 years after we 
did our first experiments to learn what 
to do to be successful in the clinic in one 
small category of patients.” 

For Judy, a bit of the future is already 





here. “She’s been able to return to 
teaching in a local college and serving 
her community,” says Brighton. She 
does a jig whenever she sees her former 
doctor to attest to the miracle of electri- 
cal stimulation. 

—Neal O'Callaghan 


A tiny people 
on a small planet 


For a few days in late August, Pasa- 
dena, California, became the space 
capital of the United States. The city is 
the home of NASA’s Jet Propulsion 
Laboratory, command post for Voyager 
2’s feeders and handlers during its 
close encounter with Saturn. 

But another event—Planetfest 81, 
sponsored by the Planetary Society— 
brought thousands of enthusiasts to 
the Pasadena Center for events cele- 
brating two decades of planetary 
exploration, which began with the 
Mariner 2 flyby of Venus in 1962. The 
Planetary Society, founded last year by 
Cornell astronomer Carl Sagan and 
JPL Director Bruce Murray, already 
has a membership in excess of 90,000, 
making it the largest and fastest-grow- 
ing space interest group in the world. 

In keeping with the festival theme of 
“Youth, Science, and Achievement,” 
Planetfest ’81 honored 34 high school 
students from across the nation for 
their winning essays on the subject 
“Why Explore the Planets?” (see 
Sources, page 110, for list of winners). 
The essay contest, sponsored by the 
Planetary Society, the National Science 
Teachers Association, and the Ameri- 
can Association for the Advancement 
of Science, attracted several thousand 
entries. For the winners, the trip to 
Pasadena was a chance to compare 
their thoughts with the realities of 
space exploration and the knowledge 
of working professionals. 

Many of the essays acknowledged 
the difficulty of justifying the expense 
of deep space exploration in the face of 
economic cutbacks close to home. And 
yet, they argued, the price was worth 
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paying to learn more about the origin 
of the solar system, to gain a better un- 
derstanding of Earth itself, to benefit 
from the continuing technological 
spin-offs, and to move from an era of 
space exploration into one of space ex- 
ploitation, quarrying resources to re- 
plenish our increasingly needy planet. 

The space program, the essayists 
agreed, has caught the national imagi- 
nation, increased science’s constituency, 
lifted spirits, and fostered national 
pride. The United States has flexed its 
technological muscles and gone jogging 
into the solar system. If it suddenly 
quits, a flabby, out-of-shape NASA will 
no longer be able to deliver cosmic sur- 
prises. Reining in the space program, 
the students said, would lead to an atro- 
phy of the will to know, to stagnation, 
and “societal decadence,” as Jacques Ser- 
vin of Tucson, Arizona, said. 

Essay winner Robert Hogan of Riv- 
erside, Connecticut, sounded a warn- 
ing, echoed by Bruce Murray and other 
scientists, about the dangers of budget- 
ary cuts for future missions. “If we 
don’t think forever bigger,” wrote Ho- 
gan, “we will remain forever a tiny peo- 
ple on a small planet revolving around a 
medium star at the edge of a humdrum 
galaxy somewhere in the Cosmos.” 

—Roger Bingham 
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SIMPLEST BUSINESS 
PRINCIPLE OF ALL 
TURNS COMPETITORS 


INTO CUSTOMERS. 















if you make a better quality product than your competition, ; 
customers will buy it. | | i 

We at Motorola have seen this simple principle make significant 
aifferences in the international electronics industry we are part of 

For example, in recent years quality improvements by many 
Japanese companies have resulted in major inroads for their products 
into world markets, especially in consumer electronics. 

But the same principle of quality has turned some of those 
Japanese competitors into important customers of American firms such 
as Motorola. 

A case in point concerns communications equioment Motorola 
designed and built for NASA. Our equipment has been used on every 
manned and most unmanned space shots without a single mission- 
endangering failure. Not one. So impressed was the Japanese Space 
Agency with the quality of our space communications technology and 
our reliable performance they have specified Motorola equipment for 
use on many of their space Missions. 

Closer to earth, a Japanese national named Junko Tabei, the 
first woman ever to climb Mt. Everest, used an FM portable two-way 
radio made by Motorola here in America to help guide her to the top. 
it withstood nights of 20° below zero and days of blinding blizzards. Small 
surprise that with plenty of Japanese radios to choose from, Ms. Tabei — 
also specified Motorola for her next climb, this time to the roof of Tibet 

And the examples go on. Even though Motorola has bowed out of 
ine consumer electronics market, Japanese companies that are today’s 
giants in that industry buy millions of quality components from our 
Motorola Semiconductor Products Sector. 

All this isn't happenstance. It is the systematic result of Motorola 
programs, pioneered and developed over the past decade, to give all 
Motorola employees a greater sense of involvement in, and responsibility 
for, the quality of the products they design and manufacture. 

So, when we receive quality supplier awards from companies 
such as General Motors, Control Data and even Hitachi, we know why, 

And we're proud of that kind of response. It supports our belief 
that quality is not only the oldest and simplest principle of business. 

[t also Is the most important. 
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Offensive gardening 


And surrounding the 
helpless lima beans and 
squash, the organic 
gardener’s epiphany— 


~ the Killer Tomato. 


Our garden shut down for good a 


month and a half ago, and to be per- 


fectly frank, it wasn’t much of a gar- 
den. It provided a fairly steady flow of 
fresh tomatoes, far more hot peppers 
than needed, lettuce, and a handful of 
lima beans ... that’s about it. Events 
had precluded the considerable atten- 
tion a garden needs during early and 
late spring—as well as throughout the 
summer and fall—and so our few pa- 
thetic plants loyally pooped along, the 
laughingstock of the neighborhood, 
where some denizens double dig (what- 
ever that might be) and use the French 
intensive method (which sounds ac- 
tionable). Their gardens were visited 
one day by a Smithsonian tour group 
while we cringed inside the house. 
Now that the last juicy, red tomato has 
been eaten, to be replaced by machine- 
picked, gassed, store-bought ones, the 
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seed catalog people have with uncanny 
timing inundated us anew, and we are 
now knee-deep in determination and 
dreams for next year. An extravagant 
map has already been drawn with un- 
told varieties of veggies in rank after 
serried rank—a backbreaking pros- 
pect—all surrounded with marigolds. 


Marigolds, it seems, somehow repel 
insect pests, keeping them out of the 
garden. A good plan, I thought, but 
wouldn’t a ring of carnivorous plants 
be even better? A barrier wall of Venus’ 
flytraps. An original organic garden- 
ing concept, I’ll wager, worthy of a 
Smithsonian tour. The best defense is a 
good offense. 

Paul Simon (the botanist, not the 
singer) points out that there are several 
hundred species of carnivorous plants 
with which the experts are familiar — 
Venus’ flytraps, sundews, bladder- 
worts, butterworts, pitcher plants, and 
so forth—“an obscure group of unim- 
portant plants” and an exclusive club to 
which botanists are reluctant to add. 
All members of the club should be able 
to “lure, trap, kill, and most impor- 
tantly ... digest, animals.” The diges- 
tion 1s accomplished by enzymes that 


break down the prey into amino acids 


and minerals that become nutrients for 


the plant. 


The membership rules are neither 
clear nor always enforced. The sun 
pitcher is included among the carni- 
vores even though it lacks the enzymes 
for digestion. Instead it relies on out- 
side microorganisms to break down a 
trapped insect and then absorbs the di- 
gestible products. In addition, there 
are some 150 species of carnivorous 
fungi, often overlooked by botanists, 
that work on quite different principles 
than the classic carnivorous plant. 

Simon goes on to say that many other 
plants ingest animal protein and 
should be considered at least quasi- 
carnivorous. The ant plants are a case 
in point. They provide glucose and a 
home in their pitcher-shaped leaves for 
an “ant Mafia” that, to return the favor, 
destroys invading herbivorous in- 
sects—the ants line the pitcher with 
Juicy insect carcasses. An Oregon State 
University scientist, Fred Rickson, has 
shown (by labeling fruit fly larvae with 
radioactive carbon-14, placing them on 
the leaves, and tracing their destinies) 
that before long this highly nutritious 
food is distributed through the plant’s 
very corpus. 

Fungi, as I have said before, make me 
nervous, and it bothers me little that 
botanical texts tend to ignore these out- 
rageous strains. Simon points out that 
one fungus fashions a kind of noose 
through which unwitting nematodes 
meander. What follows, delicacy pre- 
cludes discussing. 

In another example, mosquito lar- 
vae, attracted to the mucilaginous coat- 
ing of a shepherd’s purse seed, become 
stuck and are broken down by the 
seeds’ enzymes and absorbed through 
the coat. 

Many plants have sticky hairs protrud- 
ing from stems and leaves, apparently 
barriers set up against intruding in- 
sects. It is not hard to imagine these 
evolving into the stalked digestive 
glands of the classical carnivorous 
plant. And such sticky hairs, Simon 
says, should be looked at carefully by 
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agriculturalists. A wild Peruvian to- 
mato and some varieties of domestic 
potatoes have sticky hairs on their 
leaves and contain enzymes that are 
capable of digesting animal matter. 
There is also, in tomatoes, a lethal in- 
sect poison. 

_ A stunning new concept of my gar- 
den came to mind. A border of Venus’ 
flytrap and sundew—the first line of 
defense. And within the flytrap ring, 
and surrounding the helpless peppers, 
beans, squash, and cucumbers in the 
center, a second tall and formidable 
ring of tomatoes, genetically engi- 
neered to amplify the tomato’s latent 
carnivorousness into a lethal force—a 
plant that supplies its own fertilizer 
and insecticide, the organic gardener’s 


epiphany—the Killer Tomato. 

I imagined the multifarious strains, 
each devoted to a single genus of insect 
pest. Big Boy Beetle-Eater. I imagined 
the international botanical nomencla- 
ture convention, trying to come up 
with a proper Latin/Greek name for 
the Brookhaven Aphid Cruncher. Or 
the Route 128 White Fly Whomper. I 
imagined a computerized tomato gene 
bank, awaiting instructions from the 
bug controllers association. 

Here, then, is a wholly new agenda 
for the bio-capitalist. A few years of 
routine work in the BioOrganic Tech- 
nogarden Labs, Inc. of Bismal, West 
Virginia, and the lowly potato, an or- 
ganism unable even to support the 
population of Ireland, would have a 
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new lease on life in places other than 
Maine, Idaho, and Long Island. It 
would become a backyard hero. . 

But engineering, alas, takes time. 
The carnivorous veggie patch will have 
to wait. 

Bereft, but determined to find one 
unassailably useful piece of informa- 
tion for the Head Gardener, I pressed 
on and found what I needed. The U.S. 
Department of Agriculture’s scientists 
have found that certain natural toxins 
occur in parsnips. 

Called psoralens, there are three of 
them in your typical supermarket pars- 
nip root, and it doesn’t matter if you 
boil or cook them by microwave, up to. 
40 parts per million of the toxin re- 
mains. If you peel the parsnip before 
cooking, 70 percent of the psoralens re- 
mains. They also lurk in celery and 
parsley to a lesser degree but not, hap- 
pily, in that parsnip cousin, the carrot. 

It must be said, in their defense, that 
psoralens cause melanization in human 
skin and have been used in treating 
skin depigmentation, and also they are 
effective in cases of psoriasis. Could 
psoralens be used as natural additives 
to suntan lotions, I wondered, my 
mind agog with not-so-organic entre- 
preneurial greed? 

What is bad about psoralens is that 
they tend to be mutagenic (interfering 
with the genes), and, in association 
with light, they can become highly poi- 
sonous and also carcinogenic. Eating 
one good-sized parsnip can expose you 
to five milligrams of psoralens. 

And the scientists say it is not yet pos- 
sible to assess the risk here. They sug- 
gest that “medically unnecessary expo- 


- sures should be avoided.” 


That was enough for me. Back to 
Earth I sank. 

Seeking out the Head Gardener, I 
announced imperiously that we would 
wait for Venus’ flytraps and Killer To- 
matoes, but the row of parsnips on the 
map was to be immediately excised. 

It is always nice, isn’t it, to have sci- 
ence confirm a prejudice held since 
childhood. 


Parsnips. Blech. —Jake Page 
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EVERY THING A PERSONAL 
COMPUTER SHOULD BE. 


At last, there’s a personal com- 
puter that really is personal. Not a busi- 
ness computer with expensive video 
monitors and disk drives. Not a games 
computer to entertain you and nothing 
more. But a true computer designed for 
personal use at home, at work, or even 
for your children to give them a head- 
start in school. 

This revolutionary computer is 
so small you can carry it with you ina 
briefcase. It’s so easy to use you need 
no special computer knowledge to 
master it. And above all, it’s so afforda- 
ble you can buy it without making a big 
investment. 

It's the new Sinclair ZX81, for the 
almost unbelievable price of $149.95. 
And it’s from Sinclair Research, the 
world’s largest manufacturer of per- 
sonal computers. 


Anyone can use the ZX81. 


You can be a computer expert, 
or someone who's never used a com- 
puter before. Maybe you're thinking 
about buying a small business com- 
puter, and you'd like to learn more 
before you make a decision. 

Whoever you are, the Sinclair 
ZX81 is the perfect personal computer. 

Sinclair offers several prepared soft- 
ware packages you can start using right away 
with your ZX81 for home budgeting, math les- 
sons for your children, and other applications. 

Even more important, with the ZX81 
you can actually learn to write your own pro- 
grams. The ZX81 uses the BASIC program- 
ming language — the one used in schools 
because it’s so easy to learn. And the ZX81 
comes with a complete, 164-page step-by- 
step instruction book that teaches you every- 
thing you need to know. 

If you know alittle bit of math, and like 
the challenge of learning something new, you 
can learn to use the Sinclair ZX81. 

If you have used computers before, 
then you'll appreciate the full-fledged com- 
puter power of the ZX81. It uses more than 50 
powerful commands, with simple one-key 
entry of most commands, automatic error 
detection, and easy program editing. And 
there is an optional memory module that plugs 
onto the back of the ZX81, giving you more 


THE NEW 
SING BU 
ZX81. 


than 16,000 words of memory to work with. 
Compared feature for feature, the ZX81 rivals 


computers costing two or three times as much. 


How we made it so affordable. 


The Sinclair ZX81 was designed with 
one goal in mind: to make a computer every- 
one could own and use. So we eliminated all 
the unnecessary costs, which explains why 
the ZX81 looks radically different from any 
other computer. 

For example, the ZX81 works with your 
television set for video display. And it uses an 
ordinary cassette tape recorder for storing 
programs. By building on our experience with 
the ZX80, our first computer that sold over 
100,000 worldwide, we’re now able to provide 
even more computer power — for only $149.95. 


The Sinclair promise. 


We're convinced that learning about 
computers is one of the most important educa- 
tional experiences you and your children can 
have. We're also confident you really can learn 
to use the ZX81. In fact, we guarantee it. 





So we’re offering the Sinclair ZX81 at 
absolutely no risk to you. Simply call our 
toll-free number and order your ZX81 
using your MasterCard or VISA. Or send 
the coupon along with a check or money 
order. We'll give you 10 days to read over 
the instruction book and try out the ZX81 
for yourself. If you’re not completely sat- 
isfied, just return the ZX81 to Sinclair 
Research and we'll give you a full refund. 
~ No questions asked. And you can keep 
| the instruction booklet, a $10.95 value, as 
a free gift. 

If you have a problem with your 
ZX81, just return it to Sinclair Research 
within 90 days and we'll repair or replace 
it at no charge. 

We urge you to order your ZX81 
today. You'll discover what thousands of 
others have already discovered. At 
$149.95, the Sinclair ZX81 is everything a 
personal computer should be. 

TO ORDER CALL TOLL-FREE: 
800-543-3000. Ask for operator #509. In 
Ohio call: 800-582-1364. In Canada call: 
513-724-4300. Ask for operator #509. 
Have your MasterCard or VISA ready. 
Phones are open 24 hours a day, 7 days 
a week. These numbers are for orders 
only. For information you must write 
Sinclair Research Ltd., 2 Sinclair Plaza, 
Nashua, NH 03061. 


Sila 


Ad Code: 12SC 


Yes, I'd like to have my own personal computer. Be sure 
to send me a catalog of Sinclair software. If I’m not sat- 
isfied with the ZX81 after 10 days, | can return it for a full 
refund. Please send the item indicated. My check or 
money order is enclosed for the total amount. 


PRICE QTY. AMOUNT 







ZX81 personal computer 
Add shipping 


ZX81 personal computer 
with 16K Memory Module 


Add shipping 





$249.90 
4.95 
$254.85* 







*U.S. Dollars TOTAL 


MAIL TO: Sinclair Research Ltd., One Sinclair Plaza, 
Nashua, N.H. 03061. 
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Byron Donzis, the man who inflated football 


In 1972 Byron Donzis tried manu- 
facturing inexpensive tennis courts for 
the backyard that could be inflated like 
air mattresses. When that fell through, 
he designed a plastic, air-cushioned 
running shoe—that left runners flat- 
footed when the air leaked out. Un- 
daunted, Donzis moved on to football, 
where the equipment had remained 
basically the same since the days of 
Knute Rockne. Donzis created new 
foam-protected gear that was once 
again different—lghter and stronger, 
he claimed—but how could he demon- 
strate that this time it really worked? 

“Dan Pastorini [then the quarterback 
of the Houston Oilers] was in the hos- 
pital with cracked ribs,” recalls Donzis. 
“Well, I figured I could sneak into his 
room with a baseball bat, which isn’t as 
noticeable as a two-by-four. So I walked 
into his room with a friend and Pasto- 


The new era of equipment design began 
when Dan Pastorini’s cracked ribs were 


sheathed in an inflatable “flak jacket.” 





rini sees that bat and his eyes get real 
big. He figures he’s had it.” 

Donzis then proceeded to strap on a 
“flak jacket” made of a tough plastic 
called Lexan that was covered with in- 
flated material. Then whack! his friend 
socked him in the ribs with the bat. 
Donzis barely flinched. “Pastorini sat 
up in bed and said: ‘My God, I’ve got to 
have one of those.” 

He got one, and the publicity that 
followed his wearing it—and having an 
outstanding season though playing in- 
jured—gave Donzis the boost he needed 
to promote his new ideas. Today, few 
well-dressed football players would 
venture onto the field without a Donzis 
original. A revolutionary line of air- 
filled football equipment, based in part 
on his futuristic ideas and designed by 
his Houston firm, Med-Atr, is being 
worn by such superstars as Terry Brad- 
shaw, Tony Dorsett, and Earl Camp- 
bell. His shoulder pads, neck rings, and 
thigh and knee pads are used by play- 
ers on virtually every National and 
Canadian Football League team, plus 
about 500 college squads. Nearly 6,000 
players use his equipment, and, he says, 
he has never had a reported injury. 
Much of Donzis’ equipment has been 
used, as it was with Pastorini, to protect 
a player’s existing injuries. “But what 
we're concerned with,” Donzis says, “is 
why they didn’t wear it beforehand.” 

Most of Donzis’ equipment now 
being used in the NFL is made of 
honeycomblike foam covered with 
polyurethane-coated nylon. Like a 
cushioned chair that lets you down 
more slowly the “harder” you sit on it, 
the equipment compresses more slowly 
the heavier the blow a player receives. 
This helps dissipate the force of the im- 
pact. Such “air-managed” equipment is 
not only durable, it’s incredibly light. 
Donzis’ padded protection from the 
neck to the ankles weighs just three and 
a half pounds, compared with 12 
pounds for conventional gear. 

Donzis says his equipment isn't 
meant to destroy today’s thump-and- 












grunt game, 
merely to improve 
it and make it safer. 
This has meant rede- 
signing the invisible gear 
that offers scant protection 
and that, Donzis claims, hasn't 


changed significantly “since day one.” 


The new equipment is geared toward 
particular tasks each player must per- 
form. “We are interested in a player’s 
position, his job on the team, and we 
design a piece of equipment around 
those needs,” says Donzis. A quarter- 
back, for example, must have freedom 
of movement in his arms and shoul- 
ders, but must also be able to withstand 
the force of a 250-pound lineman 
crashing into him. Offensive linemen, 
whose shoulder pads are an easy target 
for a defensive lineman’s’ grasp, need 
heavy protection without hard edges. 
Running backs, who might receive sev- 
eral hits on a single play, must have 
pads that can spring back quickly. 

An earlier version of Donzis’ foam- 
protected helmet used inertia reel © 
straps, similar to seat belts in automo- 
biles, that were attached to shoulder 
pads. The harder the blow, the tighter 
the straps got, preventing the whip- 
lashing that frequently results in neck 
injuries. “But the helmet looked real 
weird with the straps,’ says Donzis, 
“too much like something out of sci- 
ence fiction.” A newer model uses air- 
managed packets attached to the sides 
and backs of shoulder pads. “The 
harder you hit it, the slower the air goes 
out, so it slows the head from snapping 
back and forth.” 

Redesigning existing gear won't 
keep Donzis satisfied for long. He 
wants to move forward with football as 
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The latest in football 
gear: pads with collaps- 
ible foam underneath, and a 
foam pillow to avoid whiplash. 


it changes, or more ac- 

curately, to change football 

and keep it moving forward. Don- 
zis has visions of football players even- 
tually wearing one-piece stretch fabric 
jumpsuits with air-managed protective 
gear built right in. “Just like a second 
skin,” he says. The protective gear itself 
would consist of scales, somewhat like 
shingles on a roof, and would be con- 
structed of overlapping layers of a 
graphite composite material similar to 
that now being used in some expensive 
tennis racquets. 

Shoes in Donzis’ new brand of foot- 
ball will change too. Today’s cleats will 
give way to superlightweight shoes 
with shingles set along the edge and the 
bottom. The shingles would operate 
somewhat like the “fish scales” on the 
bottoms of some cross-country skis. 
They would be oriented so that when 
the foot is planted for a quick cut to the 
left, for example, the shingles on the 
inside of the right foot would dig in. 
But when the force on the right shoe 
was coming from the front, right, or 
back, such as when the runner is hit or 
tackled, the shingles would slide freely. 
Donzis believes this would reduce inju- 
ries such as torn knee ligaments that 
are caused by cleats digging into the 
turf as a runner is tackled. 

Donzis also talks about feather- 
weight, spring-loaded, “muscle multi- 
pliers” that could be attached to a 
quarterback’s arm for a 100-yard pass 
to a receiver outfitted with leg muscle 
multipliers leaping seven feet off the 
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ground. Donzis even wants to change 
the shape of the football field. To ac- 
commodate the swifter, more power- 
ful, biomechanically-aided athletes, he 
envisions an inflated field 150 yards 
long. There would still be instant re- 
plays, but they’d flash by overhead on 
giant 3-D holographic displays. And, 
oh yes, spectators would be eating pre- 
packaged veggies as they place their 
bets right from their seats, using mini- 
computers to give them a constant 





A thigh pad designed by Donzis protected 
Earl Campbell, number 34, and helped 
him win the 1979 NFL rushing title. 


stream of odds based on the key match- 
ups, field conditions, and so on. 

When will football according to Don- 
zis come to pass? “A lot sooner than you 
think,” he says. Maybe so. In any case, 
Byron Donzis no longer has to use a 
baseball bat to make his point. 

—James Randall 
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Whales’ tales 


This winter in the warm, desert- 
encircled lagoons of Baja California, 
skiffloads of slightly nervous, very 
eager tourists will set forth from mother 
ships in search of a wild animal. Their 
quarry is a 30-ton beast that has been 
known to ram boats into kindling, and 
the tourists’ aim will be to intrude in 
the very waters where the creature 
mates and gives birth. 

The animal is the California gray 
whale. Far from being the violent crea- 
ture called devilfish by 19th-century 
whalers, who hunted it almost to ex- 
tinction, the gray whale today is a gen- 
tle creature, known more for giving 
boats a friendly nuzzle than a splin- 
tering assault. Thus it is that visitors to 
San Ignacio Lagoon, Scammon’s La- 
goon, and other Baja inlets are more 
likely to experience the thrill of petting 
a whale that has approached their boat. 
They carry home unforgettable mem- 


ories of patting the rubbery skin of a. 


35-foot animal and of hearing the eerie 
hollow whistle, like wind rushing in a 
cavern, as it takes air into its lungs. 

Although there are excellent oppor- 
tunities to view other whale species in 
other waters—for example, hump- 
backs off Maui, Hawaii, finbacks off 
the East Coast, and belugas off Canada 
—the gray whale is undoubtedly the 
chief ambassador to humans from the 
order Cetacea. Unlike other whales, the 
gray is primarily a coastal dweller, liv- 
ing its life near enough to land that 
people can easily come into contact 
with it. Beginning each December, 
when thousands of grays start their 
6,000-mile, coast-hugging migration 
from the Bering Sea off Alaska south- 
ward to Baja, more than one million 
whale watchers witness the trek each 
year. They peer through binoculars 
from the Washington, Oregon, or Cali- 
fornia coasts, take day trips from mari- 
nas along the route, or embark on one 
of the many week-long expeditions to 
the breeding grounds. 

Either swimming along on their lei- 
surely migration, traveling in pods of 
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A gray whale airs its flukes off the 
California coast, above. Below, whale 
watchers sight a gray off San Diego. 


three or four, or frolicking in their Baja 
lagoons, the whales present a remark- 
able sight. Rolling to the surface for a 
series of breaths before a deep dive, 
they send puffs of spray into the air 
with a gentle whooshing sound. Occa- 
sionally a large, gray snout dotted with 
stiff whiskers will emerge ponderously 
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from the water. The whale is “spy hop- 
ping’”—poking its head straight up to 
peek around. Now and then a whale 
will breach, suddenly heaving its enor- 
mous body high out of the water, expos- 
ing an expanse of gray skin mottled 
with whitish scars and blond barnacles 
before collapsing with a gigantic 
splash. Whether the whale performs 
this feat out of exuberance, as a court- 
ship display, or merely to rid itself of 
whale lice, nobody knows. 

All encounters with whales are voy- 
ages on the edge of mystery. Ironically, 
the gray, while by far the best under- 
stood of the whales, remains tantaliz- 
ingly inscrutable. 

For instance, many of the particulars 
of its long-known annual migration re- 
main mysteries. Whether individual 
whales migrate to the same lagoon each 
year, whether all animals make the full 
trip, whether they feed while traveling, 
and how the young learn to migrate are 
not understood. Scientists are unsure 
even of the whale population, for the 
counts of whales migrating along the 
West Coast, totaling from 11,000 to 
15,000, do not agree with the numbers 
obtained by counting whales in the 
Baja lagoons. Recent studies, however, 
indicate that a significant number of 
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For the first time-— 

the internationally renowned 
Wildlife artist creates 

an original sculptured bell. 


Intricate sculpture in fine, 
hand-painted porcelain. . . 
at the very attractive price of S6O. 





Hand-decorated with pure 24 karat gold. 


Sculptured life size / Hand-painted 
Limited edition 


—— ncn 


‘The American Goldfinch’ reflects all the beauty of 
two great traditions. Combining the intricacy of a 
hand-painted porcelain sculpture ... and the lilting 


magic of an exquisite bell... to capture that miracle . 


of nature known as a songbird. 


Artist Peter Barrett has won international acclaim for 
his work—from the time of his first exhibition in 
London’s famed Royal Academy to his recent 
commissions from the Royal Society for the — 
Protection of Birds. Now, in his first sculptured bell, 
he has re-created nature’s own richness of detail. 


Here, a splendid little Goldfinch cocks his head to 
investigate a cluster of wild thistles. The individual 
barbs of his gold and black feathers—even the tiny 
joints of each leg and foot—are portrayed with 
exacting precision. Each thistle is a wonder in itself, 
with every one of its needle-sharp quills superbly 
captured. And the graceful bell of snow-white bisque 
porcelain is embellished with pure 24 karat gold. 
Both Goldfinch and setting are sculptured life size. 
Each sculptured bell will be individually handcrafted 
and hand-painted by Franklin Porcelain in 
Japan—home of many of the world’s most gifted 
porcelain craftsmen. Importantly for collectors, this 
is Franklin Porcelain’s first sculptured bell—and the 
first in a series portraying songbirds of the world. 
‘The American Goldfinch’ will be issued in a single, 
firmly limited edition. A restriction of just one 
‘Goldfinch’ bell per person will be enforced, and the 
total edition will be limited forever to the exact 
number of individuals who order the songbird bells 
by the close of the issuing year—1981. Then, to 
ensure the edition remains permanently closed, the 
porcelain molds will be broken. 


To endow your home with a work of singular beauty 
... and acquire a future heirloom for your family ... 
you need only return the application on this page. 
Please note the expiration date it bears —December 
31, 1981. To be valid, it must be received with a 
postmark no later than December 31, 1981. 





Shown smaller than actual size: 


the sculptured bell stands approximately 5 inches tall. 


© 1981 FP 
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RESERVATION APPLICATION 


Valid only if postmarked by December 31, 1981. 


Franklin Porcelain 
Franklin Center, Pennsylvania 19091 


Please accept my reservation for ‘The American Goldfinch’ by Peter Barrett. This original 
sculptured bell will be handcrafted for me in the finest hand-painted porcelain. 

I understand that I need send no money at this time. I will be billed in three equal 
monthly installments of $20.* plus $1. for shipping and handling, with the first payment 


due before the work is sent to me. *Plus my state sales tax 


Signature 


ALL APPLICATIONS ARE SUBJECT TO ACCEPTANCE. 


Mr./Mrs./Ms. 


PLEASE PRINT CLEARLY 


Acdicss ssc ..l............t— OssOONN( ‘#$NAR9RRRRR9R9@90_—_ Ss ci k<é$whe 


City, State, Zip 





Limit: One per collector. 5 


ee ee ee eee eS ee Se ee ee 


EE 





whales may play about in the surf out- 
side the lagoons. 

It is certain that whales give birth in 
the lagoon. The 16-foot, 2,000-pound 
calves can be seen rising and diving in 
unison with their mothers. But there 
have been only a few observations of 
the birthing process, with the mother 
giving birth and nudging her off- 
spring to the surface for its first breath. 

Scientists are also unsure how or why 
the whales organize their characteristic 
mating ritual. In this, while one male 
mates with a female, one or more of the 
other animals become involved in a 
great splashing confusion of heads, 
bodies, flippers, and flukes, perhaps 
helping to hold the female in place. 
There is little evidence that actual com- 
petition for mates is involved. 

Visitors to the Baja lagoons may see 
researchers at work. For instance, at 
San Ignacio Lagoon, Steven Swartz, 
Mary Lou Jones, and their colleagues 
camp out in tents on windswept Rocky 


Point. Twice a week, they make boating 


runs to count and photograph the 
whales, and they keep close records of 
the whale’s behavior. 

The scientists have discovered that 
the whales apparently are not dis- 
turbed by the current level of boating 
in the lagoon. Observing from a tower, 
Swartz and Jones have charted the 
movements of both whales and boats. 
The data showed that the whales al- 
tered their course only rarely, to avoid 
boats bearing down upon them at high 
speeds, a practice avoided by the boat- 
men in organized expeditions. 

The researchers also found that inci- 
dents of friendly behavior by the 
whales increase over the season, follow- 
ing a classic learning curve. What’s 
more, friendly behavior—following 
the skiffs, congregating around them, 
and playing with them—appears to be 
increasing year by year. 

As with most research, though, as 
many mysteries are surfacing as are 
being solved. Twice, for instance, 
Swartz and Jones have seen baby 
whales, accidentally wedged on sand- 
bars, rescued. Within minutes of the 
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grounding an adult, probably the 
mother, forced herself onto the sand- 
bar beside the calf. Another whale soon 
did the same on the other side. Squeez- 
ing against the calf, the two adults, with 
a lifting, pivoting motion, launched it 
off the sandbar, The stronger adults 


have little difficulty wriggling off the 
sand bar. The result: a freed calf and 
researchers puzzled at how such com- 
plex behavior could be coordinated be- 
tween animals that have shown no evi- 


dence of vocal communication. 
—Dennis Meredith 
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We designed am 
“photograph 





Then built a model 
camera around it. 


“Photographic space” is a concept Kodak engineers 
developed that tells more than just the lighting condi- 
tions and distances at which average people take 
pictures. 

Its vertical third dimension graphically shows the 
percentage of times photographs are taken at any 
given light/ distance range. 

Plotting data gathered from an extensive sample, 
encompassing all kinds of amateur films (110, 126, 
135, and instant), the study produced some surprising 
results. When graphed on three axes, our engineers 
were able to learn as much from the valleys and 
plateaus as from the high peaks. 

They soon hypothesized that the lack of significant 
photographic activity in the ideal close-up range (2 to 
4 feet) was more due to shortcomings in the cameras 


© Eastman Kodak Company, 1981 
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themselves than a lack of consumer interest. 

If a simple camera could produce quality close-up 
images, both at outdoor and indoor (flash) light 
levels, it could provide substantial consumer benefits. 

One result of our studies is now on sale. The Kodak 
Colorburst 350 instant camera is the culmination of 
years of computer design and market research. Not to 
mention product refinement. 

This instant camera lets anyone buy more “photo- 
graphic space” at the touch of a button. And at 
reasonable cost. 

If you’d like to learn more about “photographic 
space,” a report by Terry Faulkner and 
Tom Rice is available by writing 
Eastman Kodak Company, Dept. PS, 

343 State Street, Rochester, N.Y. 14650. 
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Christmas books for 
budding scientists 


The circle of scientific knowledge 
that used to be the province of profes- 
sors and parents has steadily filtered 
down to the small fry. And many a par- 
ent, hastening to widen that circle in his 
or her child’s mind, has fallen prey to 
the encyclopedia salesman, school sys- 
tem purchaser, or supermarket man- 
ager who attempts to pander to those 
good intentions. But take heart. Excel- 
lent science books exist, though they 
are nearly swamped by glossy but es- 
sentially lackluster series with limited 
information and limited vocabulary. 
Fortunately, high quality titles are pro- 
duced each year by writers such as 
Pringle, Branley, Selsam, Cobb, and 
Asimoy, to name only a few. As Christ- 
mas comes round again, Science 81 sug- 
gests that amid the sweets, stockings, 
computer games, baseball gloves, and 
jogging suits, some of these first-rate 
books deserve a place under the tree. 

Understanding basic concepts about 
the world should begin at the picture 
book age with such works as Follow the 
River (Lydia Dabcovich; Dutton, 1980, 
$8.95) where bright, action-filled pic- 
tures of life along a river as it flows 
from mountains to the sea incorporate 
the idea of a growing stream used in 
many ways by many people. The seeing 
eye is further sharpened through in- 
volvement in the splendid photographic 
puzzle books appearing each year, of 
which Shadows: Here, There and Every- 
where (Nancy and Ron Gore; Crowell, 
1981, $7.89) is an excellent example. Its 
enchanting, distorted shadows of famil- 
lar objects seem to engender rapt atten- 
tion and will appeal even to children in 
the early grades. 

Excellent photographic studies of 
specific creatures by Jerome Wexler, as 
in A Frog’s Body (1980), A Horse’s Body, 
and A Snake’s Body (Joanna Cole; Mor- 
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row, 1981, $7.95) are the next step up in 
sophistication. Animals are endlessly 
fascinating, and Joanna Cole’s straight- 
forward prose keeps pace with the pic- 
tures in examining all angles of her 
subject from tooth to tail. The Puppy 
Book (Camilla Jessel; Methuen, 1980, 
$8.95), a similarly detailed photo- 
graphic book, uses a large number of 
color pictures of charming Labrador 
pups from their actual birth through 
initial training and up to their sale to 
excited children. The tone is warm, 
drawing the reader and listener into 
the hour-by-hour, day-by-day expe- 
rience—ideal for parent or preschool 
teacher. One further, very handsome 
example of the photographic science 
book is Small Worlds Close Up (Lisa Gril- 
lone and Joseph Gennaro; Crown, 
1978, $7.95), an exceptional study of 
many objects under high magnification 
with careful captions indicating partic- 
ularly intriguing points. This is useful 
for a wide age range but subject to the 
reader’s familiarity with the use of a 
hand lens and/or microscope. 

Books for older children, containing 
more scientific information, range 
from photographic studies to delicate 
drawings that detail parts and struc- 
tures impossible to photograph. For 
example, Seasons of the Tallgrass Prairie 
(Carol Lerner; Morrow, 1980, $7.95) 
depicts the round of the year through 
the greening, flowering, and maturity 
of the native grasses and forbs of the 
vast grasslands that originally covered 
the Plains. Simplified drawings clarify 
the root systems and stratified growth 
patterns. Wide margins and large print 
make this attractive book particularly 
appealing. A study of more portable 
plants is Eat the Fruit, Plant the Seed (Mil- 
licent Selsam; Morrow, 1980, $7.95), 
which provides precise directions for 
planting exotic and citrus fruit seeds. 
The book is enhanced by Wexler’s 
splendid photographs, which docu- 


ment the awe-inspiring progression of 





Einstein Archives, courtesy AIP Niels Bohr Library 





Ron Goor/Crowell Junior Books 


Young Albert Einstein, above, from It’s 
All Relative. Below, children from Shad- 
ows: Here, There and Everywhere. 
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fruit to seedling to house plant. 

The planting of seeds leads to fur- 
ther questions and exploration of the 
kind that has been cultivated at the 
Children’s Museum in Boston. Two 
more books in their series, Messing 
Around With Drinking Straw Construction 
and Messing Around With Water Pumps 
and Siphons (Bernie Zubrowski; Little, 
1981, $9.95) follow Bubbles, Ballpoint 
Pens, and Milk Carton Blocks, each an ad- 
mirably succinct title. The calm, 
thoughtful voice of the experiment di- 
rector moves the explorations forward 
as he comments on causes and results 
and keeps the focus where it belongs— 
on each structural experiment. 

Similar in experimental format but 
more varied in content and more ame- 
nable to home use, Beastly Neighbors: All 
About Wild Animals in the City, or Why 
Earwigs Make Good Mothers (Mollie 
Rights; Little, 1981, $9.95) is another in 
the Brown Paper School Book series, 
whose informal, sketchy appearance 
makes it consistently popular. The ex- 
periments use readily obtained materi- 
als, including cockroaches, mice, and 
rats, in a wide selection of well-designed 
studies adaptable both to passing inter- 
est or extended observation. The series 
has been published in sturdy paper- 
back as well. More conventional in ap- 
pearance but just as adaptable to home 
use and no less appealing in content, 
The Science Book (Sara Stein; Workman, 
1979, $12.95) will be welcomed by able 
readers who wish to explore widely 
among Things Outside: pests, pets, 
and people; Things Inside: plants and 
animals; and Things Invisible: sensa- 
tions, electricity, and thought. The 
well-planned experiments presented 
in this book should invariably lead to 
successful conclusions. 

For TV watchers, magazine readers, 
and browsers who prefer more passive 
fare, the National Geographic Society 
has run its library of marvelous color 
photographs through yet other per- 
mutations to produce Books for World 
Explorers: How Things Are Made, Zoos 
Without Cages, and Hidden Worlds (1981, 
$8.50). The last is the most directly sci- 
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Starship blasts toward distant galaxy in illustration from National Geographic series. 


entific, with beautifully printed pic- 
tures of natural phenomena ranging 
from the electron-microscopic to the 
galactic, in infrared, ultraviolet, and 
polarized light, and at different speeds. 

Unappeased middle graders who 
have outgrown brightly colored dino- 
saur books will pounce on Dinosaurs of 
North America (Helen Roney Sattler; 
Lothrop, 1981, $10.95), an up-to-date, 
era-by-era look at ancient inhabitants 
from Pangaea in the Jurassic to Creta- 
ceous North America, concluding with 
a state-of-the-art examination of dino- 
saur extinction theories. 

A somewhat less conventional title 
covering some of the same ground is 
the unexpectedly literate comic book, 
the Cartoon History of the Unwerse 
Book One: From: the Big Bang to Babylon 
(Larry Gonick; The Rip Off Press, 
1980, $6.95). An amazing amount of 
information—several cuts above the 
deplorable Classic comics—is con- 
veyed, albeit briefly, with many witty 
and amusing asides. 

Moving on up into more difficult 
concepts, science books tend to carry 
fewer photographs, more diagrams, 
and an expectation of background 
commensurate with the secondary 
level. As academic challenge grows, 
concern about the practical and intel- 
lectual aspects of memory naturally 
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surfaces. Memory: How It Works and How 
to Improve It (Roy Gallant; Four Winds, 
1980, $8.95) examines short-term and 
long-term memory, with emphasis on 
the means and mechanisms to extend 
them. Even the methods and the effi- 
ciency of computer memory enter into 
the discussion. 

Those interested in making as well as 
playing computer games will enjoy ex- 
ploring electricity as outlined in Wires 
and Watts: Understanding and Using Elec- 
tricity (Irwin Math; Scribners, 1981, 
$8.95). Though some of the experi- 
ments are extremely simple, the dia- 
grams and terminology are distinctly 
for junior high school students. ‘The 
last chapter explains how to construct 
homemade electric games. 

From these two books it is a consider- 
able step to It’s All Relative: Einstein's 
Theory of Relatwity (Necla Apfel; Loth- 
rop, 1981, $8.95), a most inviting intro- 
duction to this era-defining concept. A 
wide selection of illustrations, photo- 
graphs, and diagrams aid in under- 
standing the changing views of the uni- 
verse that have resulted not only from 
the genius of Einstein but from im- 
proved scientific instrumentation. The 
experiments are beyond home or class- 
room duplication, but the constant 
testing of theory central to science is 
most effectively explained. 
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In sum, the simple prose and thought- 
ful explanations of good children’s 
books extend well beyond childhood. 
As penetrating as fairy tales and 
myths, the cogent truths of such books 
can lodge in the mind to deliver—sliver 
by sliver and page by page—provoca- 
tive and enduring elements of the real 
and future world. —Kathleen Roedder 
Librarian, District of Columbia Public Library; 
reviewer, Association for Childhood Education 


The mind’s eye 


The Eye of Science, The Science 
Museum of Minnesota, through 
January 17, 1982. 


The manipulation of space, time, 
light, and motion has long been the pre- 
cinct of imagination as well as invention. 
That union comes to life in the more 
than 100 color and black-and-white 
blowups currently on view at the science 
museum im St. Paul. The result is a tour 
de force in science photography. 

Created by filmmaker and science 
educator James C. Crimmins, The Eye of 
Science celebrates vision as a tool for un- 
derstanding. A sign at the entrance to 
the traveling exhibition outlines the ev- 
olution of optical technologies, includ- 
ing the first photograph made by 
French physicist Joseph Nicephore 
Niepce in 1827. The photographs dis- 
played represent those technologies in- 
vented or improved in the last 50 years. 

In the 1930s high-speed photogra- 
phy, using an electronic strobe flash de- 
veloped by scientist-engineer Harold 
Edgerton, made it possible to stop ac- 
tion at a fraction of a second. The 
strobe—pulses of light rather than 
continuous illumination—made it pos- 
sible to capture events that occur too 
fast for the human eye to see. With stop 
action photographs, scientists could 
study, among other things, the me- 
chanics of motion. To illustrate stop ac- 
tion, a simple demonstration accompa- 
nies the exhibit—the ordinary blur of 
blades on a whirring fan is trans- 
formed by a strobe light into three dis- 
tinct red, blue, and yellow blades. 
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Advanced photography, using meth- 
ods or devices like the strobe, extends 
vision to include surfaces and spaces 
once inaccessible to the human eye. A 
computer-triggered camera’s five- 
millisecond exposure shows the spi- 
raling trails created by a collision of 
subatomic particles in a hydrogen bub- 
ble chamber; ultrasound traces three 
fetal heads sharing their mother’s 
womb. The scanning electron micro- 
scope details the subtle differences in 
the honeycombed structure of dia- 
toms, single-celled plants that have 
been magnified 10,000 times; polar- 
ized light creates a stained glass effect 
out of calcium silicate. In another pho- 
tograph, the structure of the human 
eye is enlarged to reveal the blind spot 
where nerves and blood vessels con- 
verge and exit to the optic nerve. 

Many of the photographs in this 
large collection are organized into sec- 
tions with themes more instructional 
than original. One section reflects re- 
curring patterns in nature such as 
cracking (a stress pattern character- 
ized by 120-degree angles), spiraling, 
and branching. For example, the blood 
vessels of the human lung, the veins of a 


leaf, and lightning lead the eye to a fun- 
damental branching pattern. Another 
section, headed Early Warnings, con- 
tains photographs made by X-ray, so- 
nar, CAT scan, infrared, radar, and 
ultrasound technologies that inform 
from within the brain or body, from 
beneath the sea, or from the outer 
reaches of space. 

But it is the breadth rather than the 
organization of this collection of pho- 
tographs that makes the exhibit excep- 
tional. The photographs themselves 
are more visionary than visual. “The 
eye is not satisfied merely to see,” says 
Crimmins. “The appetite for new im- 
ages drives forward not just technol- 
ogy but thought itself.” Pictures of un- 
folding strands of DNA, the gaseous 
mist of the sun’s corona, the eggs of 
butterflies, or a typhoon over the 
South Pacific arouse curiosity and in- 
spire, like Voyager’s tales from Saturn, a 
sense of wonder generated by a deeper 
way of seeing. 

A few pictures impel the mind by 
exposing the powerful flirtation be- 
tween science and art: The now classic 
photograph of a bullet after it plows 
through an apple creates a tatter of red 





Thermogram’s colors show five-degree drops as heat dissipates above New York City. 


DECEMBER 





Manfred-Kage/Peter Arnold 


Gwed UypOoAA/YeINYDOS PseMOH] 


Although more than 25,000 species of — 
diatoms exist, the intricately sculptured 
pattern of each shell is unique. 


skin and bursting flesh, an indelible 
image of violence; a condensed time 
portrait of a night sky engraved’ with 
concentric spirals of starlight renders 
an effect not of stellar but of Earthly 
motion. These skillfully executed pho- 
tographs evoke something human, a 
personal rather than a purely intellec- 
tual response. They move us. They 
speak of the creative force made visible. 

The one failing in this exhibit is its 
inclusion of a section of photographs 
better suited to travel brochures. En- 
larged to nearly life size, the pictures 
are of people of different nationalities 
posed in traditional dress. The mes- 
sage is forced and banal—“To see dif- 
ferences as well as similarities.” The 
facial expressions with which we are 
supposed to identify appear staged 
and wooden. But they in no way dimin- 
ish the drama of a coronet of a milk 
drop halted at a millionth of a second, 
or of the dynamic color changes wrought 
by heat rising from the New York sky- 
line at night. —Julia Howard 
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KITT PEAK 





Enjoy each month of 1982 with this 
beautiful full-color calendar from our 
national observatory. Large photos 
feature spectacular outer-space wonders 
and memorable views of the telescopes 
and domes of the Kitt Peak and 
Cerro Tololo Observatories. These 
calendars make wonderful gifts; 
photographs are suitable for framing. 


[] Enclosed is $6.95 (5.95 plus 
$1 postage) for one calendar 

[] Enclosed is $6.50 each for 2 or 
more calendars 

[] Enclosed is $1.00 for complete 
astronomical catalogs 


SHIPPED FIRST CLASS POSTAGE 
ADD $5.00 PER CALENDAR FOR FOREIGN 
AIRMAIL POSTAGE 


Send check or money order to: 


Hansen Planetarium 


15 South State Street, Dept. 81K-12 
Salt Lake City, Utah 84111 



























AreYou Ready fo 
Travel To The Stars? 


It's the most exciting reality of all—star flight! 
It's the ultimate space flight. 


Award-winning science writer Robert M. Powers, 
author of SHUTTLE: THE WORLD’S FIRST SPACE- 
SHIP and PLANETARY ENCOUNTERS, now imag- 
ines the trip of the future—our first interstellar 
flight! 

THE COATTAILS OF GOD is the ultimate grand 
adventure in which generations of star travelers 
journey, living and dying in a contained environ- 
ment designed for human comfort, programmed 
from launch to landing on a star located south of 
the celestial equator. 

Science writer Robert M. Powers has covered ten 
launches from Kennedy Space Center and wit- | 
nessed the Viking landings on Mars. He is a fellow 
of the Royal Astronomical Society and 


member of the American © 
Association for the 
Advancement of Science. WARNER 
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Currents (pp. 6, 7, 10, 12) 

“A Million Cubic Megaparsec Void in 
Bootes?” by R. Kirshner, A. Oemler, 
P. Schechter and S. Schectman, The 
Astrophysical Journal, September 1, 
1981. 

“Fragmentation of Asia in the Per- 
mian” by M. McElhinny, B. Emble- 
ton, X. Maand Z. Zhang, Nature, Sep- 
tember 17, 1981. 

“Elevated Values of Tri-iodothyronine 
in Victims of Sudden Infant Death 
Syndrome” by Marco Chacon and 
Tyson Tildon, Journal of Pediatrics, in 
press. 


Lifelines (p. 28) 
A Remarkable Medicine Has Been Over- 


looked by Jack Dreyfus, Simon and 
Schuster, New York, 1981. 


Tensions in the Cathedral (p. 32) 

“The Structural Analysis of Gothic Ca- 
thedrals” by R. Mark, Scientific Ameri- 
can, November 1972. 

Notre-Dame de Paris by Richard and 
Clara Winston, Newsweek Book Di- 
vision, New York, 1971. 

The Goth Cathedral by Otto von Sim- 
son, Pantheon Books, New York, 
1956. 


Perils of Isabelle (p. 42) 

“Limping Accelerator May Fall to 
Budget Ax” by William J. Broad, Sci- 
ence, August 21, 1981. 

“CERN Sets Intermediate Vector Bo- 
son Hunt” by Arthur L. Robinson, 
Science, July 10, 1981. 

“Magnet Failures Imperil New Accel- 
erator” by William J. Broad, Science, 
November 21, 1980. 


The Heartbreak Gene (p. 46) 

“Receiving Windows for the Cell” by 
Michael S. Brown and Joseph L. 
Goldstein, 1980 Science Year, World 
Book Childcraft International Inc., 
Chicago, IL, 1979. 

“Familial Hypercholesterolemia” by 
Michael S. Brown and Joseph L. 
Goldstein, The New England Journal 
of Medicine, June 17, 1976. 


The Creationists (p. 52) 

The National Association of Biology 
Teachers, 11250 Roger Bacon Drive, 
#19, Reston, VA 22090, acts as clear- 
ing house for most up-to-date infor- 
mation on the creationist contro- 
versy. They also publish a newsletter, 
Scientific Integrity. 





The Committee for Education in Evo- 
lutionary Biology. Developed by 
NABT and chaired by William 
Mayer, 833 West South Boulder 
Road, Louisville, CO 80027. 

The Society for the Study of Evolution 
has an evolution defense committee 
chaired by John A. Moore, Depart- 
ment of Biology, University of Cali- 
fornia, Riverside, CA 92521. 

American Association of Physical An- 
thropologists has a committee on 
evolution chaired by James Gavan, 
Department of Anthropology, Uni- 
versity of Missouri, Columbia, MO 
65211. 

Creation/Evolution, nonprofit quar- 
terly publication dedicated to evolu- 
tionary science. Available from Crea- 
tion/Evolution, P.O. Box 5, Amherst 
Branch, Buffalo, NY 14226. In addi- 
tion, Creation/Evolution has encour- 
aged the organization of committees 
in 35 states to monitor the contro- 
versy on state levels. 

Science Textbook Controversies and the Poli- 
cies of Equal Time by Dorothy Nelkin, 
MIT Press, Cambridge, MA 1978. 


Reprints of this Science 81 special sec- 
tion are available from Steve Fustero, 
Dept. C, Science 81, 1515 Massachusetts 
Ave. N.W., Washington, D.C. 20005. 


Ellison’s Cow (p. 68) 

The !Kung San by Richard Borshay Lee, 
Cambridge University Press, New 
York, 1979. 

Kalahari Peoples Fund, 3100 Ninth 
Street N.W., Albuquerque, NM 
87107, isa nonprofit trust fund to en- 
courage development-related re- 
search in Botswana and other arid 
lands. 


Maverick and Earth Goddess (p. 76) 

Gaia, A New Look at Life on Earth by J. E. 
Lovelock, Oxford University Press, 
Oxford, England, 1979. 

“The quest for Gaia” by James Love- 
lock and Sidney Epton, New Scientist, 
February 6, 1975. 

“Spray cans; the threat that never was” 
by Michael Allaby and Jim Lovelock, 
New Scientist, July 17, 1980. 


Science for sale (p. 86) 

To order science gifts, contact the fol- 
lowing companies. Prices quoted are 
approximate. 


Peripheral Blood Flow Kit ($10), Biofeed- 
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back Study Kit ($100), Holograms 
($2-$10), Physical Fitness Kit ($130), 
DNA Models ($3-$45), Animal Habi- 
tats ($20-$50), Pollution Test Kits 
($215-$285)—Carolina Biological 
Supply Co., Burlington, NC 27215. 

Space slides and videocassettes ($3-$25), 
Bwsone II ($190), Alpha Monitor ($40), 
Hologramaker ($500-$800), Holograms 
($13-$60)—Edmund Scientific Co., 
101 E. Gloucester Pike, Barrington, 
NJ 08007. 

Space slides, movies ($5-$45)—Movie 
Newsreels, P.O. Box 2589 G, Holly- 
wood, CA 90028. 

T-shirts ($7)—Super-T, 2345 NE 52nd 
St., Gainesville, FL 32601, and Dy- 
namic Teaching Materials, Inc., 7525 
Gorge Road, Suite E, San Diego, CA 
92120. 

Scientists on cassette ($13)—Educational 
Materials and Equipment Co., P.O. 
Box 17, Pelham, NY 10803. 

Holograms, holographic movies ($6-$120) 
—Museum of Holography Book- 
store, 11 Mercer St., New York, NY 
10013. 


Gravity of the situation (p. 90) 

The American Society for the Conser- 
vation of Gravity, P.O. Box 94486, 
Schaumburg, IL 60194. 

The Man Will Never Fly Memorial So- 
ciety, PO. Drawer 1903, Kill Devil 
Hills, NC 27948. 


The body electric (p. 90) 
“Regeneration in the Central Nervous 


System” by Jean L. Marx, Science, 
July 18, 1980. 


A tiny people (p. 92) 

The following high school students 
were honored at Planetfest’81 for their 
winning essays entitled “Why Explore 
the Planets?”: 


Bruce Blair, Dayton, IA 

John Brennan, Holyoke, MA 
Stephen Cabrinety, Edina, NH 
Evan R. Clift, Kenai, AK 

Vicki Colvin, Las Vegas, NV 

Andy Cowell, Colorado Springs, CO 
Darcia L. Elliot, Houston, TX 
Elliot Fishman, Dresher, PA 
Claudia Ford, Denver, CO 

John Fowler, Dahlonega, GA 
Georgia K. Green, Portsmouth, VA 
Erich Heins, Columbus, OH 
Robert W. Hogan, Riverside, CT 
Melynda Huskey, Moscow, ID 
Jennifer Keedy, Miami, FL 
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Jim Kerwin, Battle Creek, MI 
Jenna Kinghorn, Madison, WI 
Richard Lacy, Las Cruces, NM 
John Landry, Lafayette, LA 

Jimmy Mason, Huntsville, AL 
Chris Mathis, Brownsville, TN 
Marguerite Messina, Englishtown, NJ 
Jamie Miles, Moorpark, CA 
Timothy S. Murphy, Yankton, SD 
Roger L. Nelson, Poulsbo, WA 
Bruce Powers, Alexandria, VA 
Jacques Servin, Tucson, AZ 

Paul Sheng, Jacksonville, FL 

Bill Skeet, Lawrence, KS 

Glen Smith, Slidell, LA 

Josh Van de Wetering, Billings, MT 
Colin M. Walsh, Portland, ME 
Richard Wentworth, Green Bay, WI 
Eric Wilkinson, Katonah, NY 


Jake’s Page (p. 96) 

“Natural Toxicants in Human Foods: 
Psoralens in Raw and Cooked Pars- 
nip Root” by G. Wayne Ivie, Douglas 
L. Holt, and Marcellus C. Ivey, Scz- 
ence, August 21, 1981. 

Expeditions (p. 102) 

“The Gray Whales’ Comeback” by Wil- 
liam Weber Johnson, Time-Life 
Books, New York, Nature/Science 
Annual, 1973. 

Review (p. 106) 

Moments of Vision: the Stroboscopic Revo- 
lution in Photography by Harold E. 
Edgerton and James R. Killian Jr., 
MIT Press, Boston, MA, 1979. 

History of Photography by Josef M. Eder, 
Dover, New York, 1978. 

Mysteries (p. 112) 

A Feld Guide to the Little People by Nancy 
Arrowsmith, Pocket Books, New 
York, 1978. 


Photo and Illustration Credits 
p. 44-45—diagram adapted from Isa- 
belle, Brookhaven National Laboratory, 
Upton, NY, Doc. no. BNL-50718, Janu- 
ary 1978; p. 48—diagrams adapted 
from “Receiving Windows for the Cell,” 
1980 Science Year, World Book, pp. 52-53. 









Correction 
October issue: p. 6—Voyager 2, not 


Voyager 1, may measure the ratio of 
gases when it flies by Uranus. 
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GET IN TOUCH WITH 
YOUR ANCESTRY 


Jumbo Color Poster (23” x 34”) of the 
most scientifically credible image of a 


Neandertal man is now available for just 
$2.00! 

The poster is educational— based on a 
46,000-year-old skull, this is artist Jay 
Matternes’ reconstruction of what Nean- 
dertals really looked like. 


Great for schools, colleges, libraries, 
office or home! 


To order send a check for $2.00 for each poster to: 
SCIENCE 81 

Room 118 

1515 Massachusetts Ave. 

Washington, D.C. 20005 


Name (Please Print) 
Address 
City/State/Zip 


For orders outside the USA please add $1.00 for post- 
age. Allow 4-6 weeks for delivery. 
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Despite the high technology of toy 
making, we still tell stories of Santa’s 
workshop and its bustling contingent 
of elves. We all have an idea of how 
elves look—about so high (experts 
claim a maximum of four feet) conical 
caps, whimsical suits of red and green. 

But why does a society so seemingly 
divorced from the forests and hillocks 
that spawned the “Little People” still 
delight in their stories. And why do so 
many different cultures generate simi- 
lar legends of elves? 

The science of folklore attempts to 
deal with such questions by compiling 
and categorizing the traditional be- 
liefs, songs, legends, and customs of 
people. Folklorist Alan Dundes, pro- 
fessor of anthropology at the Univer- 
sity of California at Berkeley, stresses 
that elf stories are not myths but leg- 
ends “told as truths set in a real world. 
... Why we need them, I don’t know— 
we're fascinated by elves as we are by 
children. The tiny elves have grown- 
up faces: Maybe that’s how we see chil- 
dren, as beings caught in little bodies.” 

The word elf has become a generic 
_term for diverse groups of Little Peo- 
ple that have actually been separated 
into species, families, and genera. 
There are pixies, hobgoblins, sidhe, 
red caps, fees, sprites, church grims, 
wood trolls, and lutins, to name a few. 
All fit into general categories in terms 
of their relationships to people. Light 
elves are good-natured and helpful, 
while the dark elves are ill-tempered, 
live underground, and cause continual 
trouble. A large unpredictable group 
called dusky elvés falls in between. 

Most Little People belong to local- 
ized habitats, sometimes existing only 
in one mountain range or valley, or 
even in an individual hill or tree. Lep- 
rechauns live only in Ireland; duendes 
inhabit Portugal and Spain; follets 
roam France and Belgium; and Rus- 
sian-forests harbor the leshiye. 

Northern Europe shelters a large 
population of them. One interesting 
species, the kobolde, lives in Denmark, 
Sweden, Germany, Austria, and Swit- 
zerland. These oldest of home sprites 
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O 
Why 
elf stories 


still exist? 


started out as tree elves that could be 
captured only by those who carved 
their images from the wood of trees 
they once inhabited. The carved 
wooden dolls were then dressed in 
green, enclosed in containers, and 
brought indoors. The kobolde’s box 
was always kept locked, and only his 
master could open it without allowing 
the kobolde to escape and wreak havoc. 
Children were sternly warned against 
the kobolde’s box. They were even 
given teaching toys that contained scary 
kobolde images. The spirit of this folk 
toy still exists as the jack-in-the-box. 

Different as they are, Little People 
share certain qualities. All have some 
magical powers and knowledge, and 
they come and go with more rhyme 
than reason. Elves often have the abil- 
ity to be invisible. Embodied, they vary 
from ant- or thumb-size to about four 
feet in height, except, of course, when 
taking on the form of a tree or hill. 
Elves display a penchant for wearing 
red and green, the colors of magic, or 
nothing much at all; some under- 
ground populations wear brown. Al- 
though universally industrious and ca- 
pricious, their activities vary from 
helpful to downright malicious. 

These mischievous elves have existed 
at least since recordkeeping began. 
They provided useful explanations for 
such mysterious household phenom- 
ena as the souring of milk and the 
howling of the wind, while giants, gods, 
and other fantastic creatures were in- 
voked to explain impenetrable myster- 
ies of the larger universe. Then 
slowly, writes psychologist Bruno Bet- 
tleheim in his book The Uses of Enchant- 


ment, “by his own social, scientific, and 
technological progress, man freed 
himself of the constant fear for his very 
existence. From there man’s ‘childish’ 
projections dissolved and more ra- 
tional explanations took their place.” 

Although our perceptions have 
changed and fairy tales have been left 
to children, in a number of cultures 
throughout the world elfin legends en- 
dure. The Japanese tell stories about a 
primitive underground people. A 
scholarly paper, written in 1894, claims 
that certain half underground sites in 
Japan were excavated and thought to 
be the remains of pit-dwelling dwarfs. 
African tribes tell tales of cannibal 
dwarfs and Little People slightly bigger 
than monkeys that may be tribal histo- 
ries of Stone Age pygmies. Several 
American Indian dialects include 
words for Little People. The Klamath 
Indians have a story of a dwarf whose 
babylike footprints in the snow are visi- 
ble only to the magically initiated. 

Why do so many cultures have 
stories of Little People who once were 
numerous and are now scarce or gone 
altogether? Is there some common an- 
cient ancestor? After all, most of the 
upright hominids were well under four 
feet tall. Do elf stories come from some 
dim historic pool that might someday 
be validated by archeologists? 

The Yale Review in a 1912 paper, 
“The Historical Existence of Fairies,” 
describe the Celtic sidhe-mounds and 
correlated the lege ds of fairies in oral 
tradition with ethnologic | evidence 
and archeological artifact. The paper 
drew direct conne tions between an- 
cient Lit le People and the Finn Lap- 
landers concluding “that . . . the fairies 
... represent the last traditional mem- 
ories of an historical race.” 

To this, anthropologist Dundes com- 
ments, “There’s always so eone trying 
to make ps chology into history. After 
all, not everythin in dreams is real, yet 
it is still very important. Unnatural nat- 
ural history has always been with us.” 
As with all bit of folklore, it is hard to 
say why the old stories persist. 
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You're looking at the heart of a revolutionary new speaker 
system—the flat honeycomb drivers of Technics new 
Honeycomb Disc speakers. A new shape that takes sound 
beyond the range of traditional cone-shaped speakers to 
capture the full energy and dynamic range of today’s new 
recording technologies. It’s the essence of a true sonic 
breakthrough. 

All conventional cone-shaped drivers have inherent 
rok) Cola dfe/ay o}ce)e) (sive len cone laa aa mcelelarene secs (eanlantals 
cone cavity. But Technics new axially symmetric Honeycomb 
drivers are flat. So “cavity effect’ is automatically eliminated. 
And just as important, phase linearity occurs naturally in 
Honeycomb Disc speakers because the acoustic centers are 
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The anatomy of a breakthrough in sound reproduction. 
Technics Honeycomb Disc speaker system. 





now perfectly aligned across the flat driver surfaces. 

Technics also added a unique nodal drive system 
designed to vibrate the speakers in more accurate piston- 
like motion to reduce distortion even further. The result is 
an incredibly wide, flat frequency response, broad dynamic 
range, and amazingly low distortion. 

To complete the system, Technics Honeycomb Disc 
tweeter with special front-mounted acoustic equalizer 
extends frequency response to a remarkable 35 kHz. 

Technics offers a complete new line of Honeycomb Disc 
speakers, all enclosed in a rich rosewood-grain cabinet. 

Now that you've seen what a sonic breakthrough looks 
like, listen to Technics—and hear what one sounds like. 


On ascale of one to ten, 
your friends deserve a twelve. 














“The Best In The Flouse’ 


_To send gifts of Canadian Club by phone, dial 800-528-6148 
6 Years Old. tidported i in Bottle from Canada by Hiram Walker Importers Inc., Detroit, Mich. 86.8 Proof. Blended Canadian Whisky ©1981 ft 
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[] YES, I want to enjoy a 
full year of SCIENCE 82 
and save $3.00 Now! 





Please send me a full year of SCIENCE 82 (10 








‘ issues) at the special money-saving introductory 
: rate of $12.00. I understand that's $3.00 off the 
4 oe regular subscription rate —a savings of 20%. 
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*% You Save $3 — just $12.00 for a 
full year instead of $15.00 for the same 10 
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See back flap for additional gift cards 


_ SEND SCIENCE 82 TO: 


You will receive special gift cards to announce each subscription personally. 


NAME ___ 
ADDRESS — 
CITY a a ee ee ee IP Oe = 


(Please Print) 


[) Please start or renew my own subscription at this special rate. 
C1) Payment enclosed (Address envelope as shown on other side.) 
C1 Please bill me at the address below. : 








SEND SCIENCE 82 
FOR CHRISTMAS 


There are few gifts that give as much as SCIENCE 82. And there are 


many reasons why it’s one of your best buys this Christmas . . . 


THE SAVINGS OF THE SEASON ... 


First of all, you'll be getting a great price. Just $12.00 for ‘he first gift: Additional wifes are 
$10.00. And that adds up to big savings off the $15.00 basic rate on each subscription! 














THE SCIENCE OF THE FUTURE... 


You'll give everyone on your list a present with a future . . . where computers talk and trains 
“fly” . . . where animal behavior shows us why we’re human, and human endeavors lead us into 
new frontiers. It’s a great gift that will spark their interest and challenge their minds! 


THE SPECIAL SENSE OF WONDER ... 


_ For family or friends, clients or colleagues, a gift subscription to SCIENCE 82 is a reflection 
of your own special sense of wonder—and good taste. It’s a gift that gives a world 
of surprises . . . 10 times a year! 


a 


THE SIMPLE WAY TO SHOP. . 


The gift cards attached make it easy (as well as economical) to give gifts of SCIENCE 82. Just 
fill them out and drop them in the mail today! We'll bill you later, and send you attractive gift 
cards to announce each subscription—in plenty of time for Christmas! J 


Give a world of surprises to everyone on your list . . wath SCIENCE 82. First it $12. 00. 
Each additional gift: $10.00. See back. flap for additional gift cards. 


—— For the fastest_service possible, call Toll Free: 1-800-247-5470. lowa residents should call 
; | 1-800-532-1272. 
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SEND SCIENCE 82 TO: 


BSS a eS 
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ee STATE. 2 


LJ Please start or renew my own subscription at this special rate. 


of surprises to 


everyone on your list... with |. [] Payment enclosed (Address envelope as shown on other side.) 


GCIENCES 7) LJ Please bill me at the address above. : 


First gift: $12.00. 
Each additional gift: $10.00. 


These rates apply to the U.S. and its possessions only. 
For Canada and Mexico, add $6 per subscription. 





You will receive special gift cards to announce each subscription personally. 
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Give a world of surprises to [_] Please start or renew my own subscription at this special rate. 


everyone on your list... with [] Payment enclosed (Address envelope as shown on other side.) 


, SCIENCES) = Please bill me at the address above. 


First gift: $12.00. 
Each additional gift: $10.00. 


These rates apply to the U.S. and its possessions only. 
For Canada and Mexico, add $6 per subscription. 





You will receive special gift cards to announce each subscription personally. 
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Give a world of surprises to (J Please start or renew my own subscription at this special rate. 


everyone on your list. . . with (] Payment enclosed (Address envelope as shown on other side.) 


GCIENCES) [_] Please bill me at the address above. 


First gift: $12.00. 
Each additional gift: $10.00. 


These rates apply to the U.S. and its possessions only. 
For Canada and Mexico, add $6 per subscription. 





You will receive special gift cards to announce each subscription personally. 
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GIVE THE WONDER 
OF TT ALL... 


THE $12 
CHRISTMAS 
GIFT. 








f you're looking for a novel gift for the 
new year, give them SCIENCE 82 for 
Christmas! You'll introduce them to pic- 
tures they've never seen before... ideas 
they've never heard... discoveries that will 
change their world and challenge their minds. 
Send SCIENCE 82 for Christmas! It's a great gift 
idea at a great price: the first gift is just $12 
(10 issues)—additional gifts are only $10 each. 
And, you'll receive handsome cards to announce 
each gift subscription! 
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LC) Please start or renew my own subscription at this special rate. 


CJ! prefer to enclose payment now. (Mail to: SCIENCE 82, 
P.O. Box 10778, Des Moines, lowa 50340.) 


These rates apply to the U.S.A. and its possessions only. For 
Canada and Mexico, add $6 per subscription for postage. 


For even faster service, call toll-free: |-800-247-5470. lowa resi- 
dents should call 1-800-532-1272. YCD 28 
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